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NOTE 
3-INCH GUN MOTOR CARRIAGE M10 



The power plant, propeller shaft, transmission, differential and final 
drives, controls, instrument panel and many other units and accessories 
on the Medium Tank M4A2 are identical with those used in the 3-Inch 
Gun Motor Carriage M10. 

Therefore, this Temporary Operator's Manual for Medium Tank 
M4A2, which contains later information may be used as a reference 
and guide in operating and servicing those units which are common to 
both vehicles until Temporary Operator's Manual TM 9-752A for the 
3- Inch Gun Motor Carriage, M10, is revised. 

The following Sections will apply to both vehicles in main or in part. 
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PART I— OPERATING INSTRUCTIONS 

Section I 

INTRODUCTION 

Paragraph 
Scope ' " * 

Content and arrangement 2 

References ........ a 

Description, Medium Tank M4A2 4 

Tabulated data 5 

1. SCOPE, 

This technical manual is intended to serve temporarily (pending 
the publication of a more complete revision) to give information and 
guidance to personnel of the using arms charged with the operation, 
maintenance and minor repair of this materiel. 

CONTENT AND ARRANGEMENT. 

a. Part I (Sections 1 through X) contains information chiefly for 
i he guidance of operating personnel, 

l>. Part II (Sections XI through XXVI) contains information in- 
tended chiefly for the guidance of the using arms personnel doing 
maintenance work, 

.(. REFERENCES. 

na X XVII, at the end of Part II, lists all Standard Nomen- 

, |.,i itrr I .inIk, Technical Manuals, and other publications, also Training 
ipplying to the materiel described herein, 

i DESCRIPTION, MEDIUM TANK M4A2 (figs. 1, 2, 3, and 4). 
.• <.« •nrtiil. The Medium Tank M4A2 is a heavily armored full- 
i/ehicle powered by twin six-cylinder two-cycle liquid- 

I, ,i I n. , I i nrm.-s. Its chief armament is a 75-mm. gun in a cast 

il i,. i turret, which is mounted on an all-welded hull of armor 
pinto 

li. imir! iiml hull. The turret carries a combination mount for a 
, , .in. I d cal. ,80 machine gun. The turret platform, or basket, 

3 
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relates with the turret, which may be traversed through 360 degrees 
either by hand crank or by electric-hydraulic drive. The combination 
gun mount permits the gun to be elevated 25 degrees above the hori- 
zontal, and depressed 10 degrees below the horizontal. The turret 
guns may be manually elevated or depressed by operating the elevating 
hand wheel. When the gyro-stabilizer is in operation, the gun is elevated 
by hydraulic power, controlled by the elevating handwheel, and the 
gyro-stabilizer automatically holds the gun steady, at any quadrant 
angle of elevation at which it has been laid, while the tank is in motion. 
The one-piece cast armor steel turret has a thickness of 3 inches at 
the front, 2 inches at the sides and rear, and 1 inch on top. The all- 
welded hull is of armor plate, 2 inches thick at the front, 1^ inches 
at the sides and rear, and % inch on top. 

c. Power unit. 

(1) The twin Diesel engines are mounted in a compartment at the 
rear of the hull. Each engine is a complete unit, with its own fuel system, 
lubricating system, cooling system, and radiator. 

(2) The twin engines are joined by means of a heavy junction plate 
at their fan ends and a double clutch housing and power transfer unit 
at the flywheel ends. The engine drive shafts carry gears meshed with 
a smaller gear on the engine driven shaft, which is connected to 
a single propeller shaft. Each engine has its own clutch, between its 
flywheel and the step-up gear unit. In normal operation, the two 
clutches are controlled by the single clutch pedal, but either clutch 
may be locked out by a control on the hand throttle panel. The tank, 
therefore, can be operated with only one engine should the other engine 
be disabled. 

(3) The normal rated output of the power unit is 375 horsepower. 
The engine governors control the fuel feed, to limit maximum engine 
speed to 2100 rpm at full load. With this governor setting, the tank 
maximum speed is 30 mph with both engines running at 2100 rpm. 
With only one engine operating, a tank speed of 20 mph may be at- 
tained — an indication of the generous margin of power in reserve when 
both engines are operating at full governed speed. 

d. Controls. The tank is steered by means of levers, which operate 
steering brakes in the one-piece differential housing. Braking is effected 
by pulling back both steering brake levers at once. A hand-operated 
parking brake operates on a drum on the transmission output shaft. 

11 
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On later model tanks, the transmission parking brake is eliminated 
and both steering brake levers may be locked in applied position by 
tripping a pedal. The transmission has five forward speeds and one 
reverse speed. 

e. Auxiliary generator. In addition to the two generators of the twin 
Diesel engines, an auxiliary generator unit, consisting of a generator 
and a one-cylinder air-cooled gasoline engine, is provided for use in 
charging the batteries when the Diesel engines are not running, and to 
provide current when the turret-traversing mechanism, gyro-stabilizer, 
radio, etc., impose a heavy load on the electrical system. 

f. Armament. Besides the 75-mm, gun and cal. .30 machine gun on 
the combination mount in the turret, the tank carries a cal. .30 machine 
gun on a flexible ball mount in the front plate of the hull. A cal. .50 
machine gun for anti-aircraft fire is carried inside the turret, to be 
mounted for action in a bracket on the turret hatch ring, which permits 
a 360 degrees traverse. A cal. .45 Thompson submachine gun. carried 
inside the turret, may be fired through the pistol port in the left side 
of the turret. 

g. Crew stations. The tank crew consists of five men. The driver 
sits at the left bow of the tank, to the left of the transmission. The 
assistant driver's position is in the right bow, to the right of the trans- 
mission and directly behind the bow machine gun. The tank commander 
is stationed at the rear of the turret, just to the right of the 75-mm. 
gun guard. The gunner's station is almost directly in front of the com- 
mander. The loader's station is to the left of the 75-mm. gun. 

h. Access. Access to the tank is provided by two hatches in the bow 
and a revolving hatch in the turret. For use in an emergency, a quick- 
opening escape hatch is provided, in the tank floor directly back of 
the assistant driver. 

i. Vision, For each of the five crew stations there is a periscope, all 
except the gunner's mounted so that they may be rotated for observa- 
tion in any direction and tilted to raise or lower the line of vision. The 
gunner's periscope is connected to the gun mount by linkage that keeps 
the line of vision in constant alinement with the gun as the gun is 
elevated or depressed. The gunner's periscope is fitted with a telescopic 
sight so mounted that it may be moved, independent of the periscope 
and the gun for gun laying. For the driver and assistant driver, direct 
vision is provided by horizontal slots in the hull front plate. The 
slots are fitted with heavy protective covers. 

12 
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j. Supply tanks. The cooling system, Diesel fuel oil tanks, and 
lubricating oil tanks of the power unit, and the gasoline tank of the 
auxiliary generator engine, are filled from the top of the hull on right 
and left sides at the rear of the turret. Each filler opening (see fig. 26) 
is marked with a metal plate having raised letters, so that they may be 
readily identified. 

k. Communication, The tank is equipped with two-way radio for 
outside communication, and with a telephone system (interphone) 
serving all five of the crew, 

I. Hatch hood and windshield. A removable folding hood, with safety 
glass windshield, is provided for the protection of the driver. Tt may be 
attached, by means of special fittings, to cover the opened hatch over 
I. he driver's seat. The windshield has an electric wiper and an electric 
defroster, which receive their current through a flexible cable that can 
he plugged into an outlet socket on the instrument panel. 

m. Distinguishing features. All M4 medium tanks (M4A1, M4A2, 
M4A3, M4A4) are of the same general design and size, and carry the 
same armament. AH have identical transmissions, volute spring sus- 
pensions, rear idlers, and shoe tracks (steel or rubber). Other identical 
units are the turret and turret platform, gyro-stabilizer, combination 
I tirret gun mount, and bow gan (cal. .30) mount. All M4A2's, produced 
by five manufacturers, have the same twin Diesel power unit, and all 
have both upper and lower hulls of welded construction. M4A2's are 
built with either one-piece or three-piece differential housings. The 
\ I l Al, M4A3, and M4A4 all differ from the M4A2 in their power units 
(gasoline engines of three different types). 

n. Identification plate. Each M4A2 Medium Tank has a serial 
number plate mounted in the crew compartment to the left of the 
driver. This plate carries the tank serial number and manufacturer's 
name, as well as operating data. Refer to the plate before ordering 
parts for repairs to avoid confusion of models and manufacturers. 

r> TABULATED DATA. 

a. General. 

WVight fully equipped , . 65,476 lbs. 

( : round pressure, per square inch (with rubber tracks). 13.2 lbs. 

I Kri-alJ width 8 ft. 7 in. 

13 
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Ground clearance 

Tread (center to center of tracks) 

Height (to top of turret) 8 ft 113/ in 

Over-all length ; \\ \\ \ lg ^ ^ ^ 

b. Power unit. 

^ ake - - General Motors Diesel 

* We Direct injection twin two-cycle engine (6 cylinders each) 

Model and series Model 6046) Series n 

Recommended Diesel fuel . . . TJ. S, Army Spec. No. 2-102B, Oct. 2, 1941 

Number of cylinders (each engine) g 

Bore and stroke : aia v k L 

Displacement (each engine) 425 cu< in 

Compression ratio " 16 to 1 

Normal compression pressure at 1000 rpm ..... i '"' 500 lbs per sq ' in 

Location of No. 1 cylinder Nearest to " fan 

Firing order of cylinders , 1-4-2-6-3-5 

Number of driveshaft revolutions for 100 crankshaft revolutions 137 

Rated horsepower (two engines combined) 375 

Maximum torque at propeller shaft 880 lbs.-ft at 1500 rpm 

Idling speed m 

Kecommended idling speed during halts $qq rprri 

Maximum full-load engine speed , ...... .2100 rpm 

Maximum no-load engine speed ,2250 rpm 

Total weight of power unit ' .4490 ]fc s 

Total weight of power unit and cooling system, with coolant. 5120 lbs 
Cooling system capacity, each engine, 

including tanks and radiators. , 15 gal 

Over-all length (front of fan to rear of generator) . . . . . , , 65% in 
Over-all width (installed— including air cleaners) .... 59^ m " 

Over-all height (tip of fan blade to bottom of oil pan 

dratoptofi) 45% in. 

c. Weights. 

Turret, with 75-mm. gun 9 09 ] ds 

Power train unit (transmission, differential, and final drives, 

with sprocket and hug assemblies) \ go35 lbs. 

d. Armament. NOTE: A few early model M4A2 Medium Tanks 
were equipped with two cal. .30 machine guns in a fixed mount in the 
bow, in addition to the armament listed here. 

14 
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I gun, 75-mm., M3 (mounted in combination gun mount M-34). 

1 gun, machine, cal. .30, M1919A4 (combination turret mount). 

1 gun, machine, cal. .30, M1919A4 (flexible— ball mount in front plate). 

1 gun, machine, cal. .50, M2HB (flexible — race mount on turret hatch 
ring). 

1 gun, submachine, cal. .45 Thompson, M1928A1 (carried on brackets 
within tank). 

I mount, tripod, machine gun, M1928A1, cal. .30, M2. 

e. Ammunition carried. 
75-mm. ammunition, 50 per cent H. E., 40 per cent A. P., 

10 per cent W. P 97 rounds 

Cal. .50 ammunition, 80 per cent A. P., 20 per cent Tracer . 300 rounds 
Cal, .30 ammunition, 80 per cent A. P., 20 per cent Tracer . 6,750 rounds 

( JaL .45 ammunition, Ball 660 rounds 

Hand grenades, 4 Fragmentation M2, 2 Offensive M3 w/ 

Fuze M6, 4 -Smoke, 2 Thermite 12 rounds 



f. Armor thickness. 

Hull: Front 2 in. 

Rear 1^ in. 

Sides. 13^ in. 

Top... ^in. 



Turret: Front 3 in. 

Sides 2 in 

Top lin' 

Rear 2 in 



g. Turret. Cast armor steel, 360 degrees traverse. 

h. Communication. 

Radio set, either SCR-508, SCR-528 or SCR-538 .1 

Commander's tank, SCR-506 " 1 

Voice 15_25 miles 

Code 30-45 miles 

Intratank ...... , Telephone 

Spare radio antenna, with cover 1 

I.' rial flags— M238— red, orange, green 3 

Flag staff— M-270 3 

i. Crew. Five men. 

j. Tracks (rubber block or all-steel). 

I 'rack shoe width (tread) 12J^ in. 

15 
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Track pitch ^ . 

o in. 

Ground contact (with rubber tracks) 4332 sq . i n> 

k. Capacities. 

Diesel fuel oil, total for vehicle 148 gal 

Upper tank each 59 ^ ga] 

Lower reserve tank. each 14*$ gal. 

Gasoline (auxiliary generator fuel tank) 17.3 qt 

Lubricating oil — - 

Engine lubricating system complete with tank each 32 qt. 

Engine lubricating oil tank eacn 24 qt." 

Engine lubricating system eac k g qt 

Engine transfer gear unit. . 21/ qt 

First type AC air cleaner , ........ eac h \ qt * 

Second type AC air cleaner e ach 2y 2 qt" 

Donaldson air cleaner each 2 y 2 qt . 

Power train unit (transmission, one-piece differentia], 

and final drives) 252 qt 

Power train unit (transmission, three-piece differential, 

and final drives) 13g at 

Oil, hydraulic, Univis 47 (U. S. Army 2-97 A) — 

Gyro-stabilizer, complete system , 2 X A qt. 

Gyro-stabilizer oil reservoir 1 Q + 

Hydraulic traversing mechanism (Oilgear), complete 

^ stem 4qt. 

Oil, recoil, heavy (U. S. Army 2-96A)— 

75-mm. gun, recoil cylinders - ig pt 

Water — 

Engine cooling system each 15 gal 

1. Performance. 

Maximum recommended sustained speed on hard road 25 mph 

Maximum speed, short periods 30 mph 

Maximum grade ascending ability .60 per cent 

Maximum grade descending ability 60 per cent 

Maximum width of ditch tank will cross ... .... .100 in. 

16 
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Maximum vertical obstacle, such as wall, that tank will 

climb over: 

Rubber track without grousers , 24 in. 

Steel tracks, or rubber with grousers 36 in. 

Maximum fording depth (at slowest speed) .40 in. 

Allowable list 25 degrees 
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Paragraph 

General information on controls 6 

Prestarting inspection ' 7 

Starting instructions g 

Engine test 9 

Operating the tank ] 10 

Stopping the engine n 

Cold weather operation 12 

Auxiliary generator unit \[ 13 

6. GENERAL INFORMATION ON CONTROLS (fig. 5). 

a. Accelerator and hand throttle. The foot throttle, or accelera- 
tor, controlling both engines, is at the left of the transmission hous- 
ing, convenient to the driver's right foot. Hand-operated throttle 
levers, one for each engine, are mounted within easy reach of the 
driver's right hand. In normal operation the engines are stopped 
by closing the hand throttles. 

b. Steering lever. Two steering levers (see fig. 5) are mounted 
on the floor in front of the driver's seat. To steer the vehicle, pull 
back on the lever on the side toward which it is desired to turn. Pull- 
ing back either lever slows down the track on that side and causes 
the speed of the other track to be correspondingly increased. 

c. Brakes. 

(1) Service brakes. Pulling back with equal force on both steer- 
ing brake levers slows down or stops the tank, depending on the 
effort applied. 

(2) Parking brake. The parking brake lever is located on the 
upper rear end of the transmission housing, to the right of the 
driver. The brake shoe operates on a conical brake drum attached 
to the transmission output shaft. On later model tanks, the trans- 
mission parking brake is eliminated and both steering brakes may 
be locked in applied position by tripping a pedal. CAUTION- Always 
check to see that the parking brake (s) are released before starting 
the tank. The transmission parking brake is never to be used while 
the tank is in motion. 

18 



TM 9-73 IB 

116-7 

OPERATING INSTRUCTIONS AND CONTROLS 

d. Clutch. The clutch pedal, located along the hull left side con- 
venient to the driver's left foot, disengages the clutches of both 
engine* at once. Either one or both of the clutches may be locked 
out (in the disengaged position) by depressing the pedal all the way 
and pulling out the lockout controls on the hand throttle panel (see 
par, 10 d) . CAUTION: Do not ride the clutch at any time, as serious 
damage to the clutch will result. The driver must keep his foot off 
the pedal except when actually operating the clutch. 

e. Gear shifting. Shifting of transmission gears for speed 
changes is effected by means of the gearshift lever, mounted on the 
transmission to the right of the driver. (See fig. 5.) The positions 
Of the gearshift lever for the various speeds are shown in the dia- 
gram (fig. 6). The operation is the same as in automobile gear shift- 
ing, except that the gearshift lever is equipped with a latch to pre- 
vent accidental shifting into first speed or reverse. The latch must 
be released, by pressing down the button on the lever, to engage first 
or reverse. 

7. PRESTARTING INSPECTION. 

Before the engine is started, the following prestarting inspection 
must be carried out: 

;i. Driver's compartment. 

{ 1 ) Check oil level in power train unit, fill if necessary. 

{2) Check fuel level, both sets of tanks, fill if necessary. 

<:i) Check engine oil supply, both engines. Refill as necessary. 

(I) Test engine shut-down valves (emergency stop buttons and 
.witches). 

(6) Check presence and condition of portable fire extinguisher. 

(<i) See that voltmeter reads zero with battery switch open and 
Ihat other instruments indicate normal shut-off readings. 

19 
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Figure o^Gearshiff Positions 



RA PD 2712 



i - ' \U lire air heater fuel inlet line shut-off valve on top of in- 

i luuiu] is closed, unless air heaters are to be used. Close 

1 • < i onfrines start if air heaters are used. 

1 1 1 1 Bteering levers, clutch pedal, accelerator pedal, 
hlfl U •!. clutch lockouts and hand throttles operate freely 
i lull ranjre, 

I. iii'lii . and siren. 

(Ml) ' lout! buttery switch and watch ammeter and voltmeter. If 

mi. i I excessive discharge, open battery switch immedi- 

H ■ The voltmeter should normally read 25 V^ to 28 

1 * i !)t ui l« operation of bow gun. 

'• i i 

iii I radio and telephones. 
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\ STARTER SWITCH 

IK HEATER SWITCH 

• AIR HEATER INDICATOR 
LIGHT 

1 1 AIR HEATER FUEL PUMP 

i KMERGENCY STOP SWITCH 

I DRIVING LIGHT SWITCH 

Q KLACKOUT LIGHT BUTTON 

H PANEL LIGHT SWITCH 

I VOLTMETER 

I AMMETER 

K ACCESSORY OUTLET 

I , E NGINE TACHOMETER 

M SPEEDOMETER 

N CLOCK 

TANK GAGE CONTROL 

SWITCH 

i' FUEL AND LUBE TANK GAGE 

NGINE OIL PRESSURE GAGE 

LOW OIL PRESSURE 
INDICATOR 

low OIL PRESSURE 
INDICATOR LIGHT SWITCH 

i ICNG1NE TEMPERATURE GAGE 

' TRANSMISSION OIL 
I KMPERATURE GAGE 

v SPEE DO METER TRIP 
MILEAGE RESET 



W— CLOCK WIND AND SET 

X— INSTRUMENT LIGHT BULB 
COVER 

Y— AIR HEATER FUEL PUMP 
OUTLET LINE 

2— AIR HEATER FUEL PUMP 

INLET LINE, WITH SHUT-OFF 

AA— CIRCUIT BREAKER (LC 

ENGINE STARTER CIRCUIT) 

BB— CIRCUIT BREAKER (LA 
ENGINE STARTER CIRCUIT) 

CC— CIRCUIT BREAKER (OUTLET 
SOCKET, VOLTMETER, 
RESISTOR, TANK GAGE 
SWITCH AND TANK UNIT 
CIRCUITS) 

DD— CIRCUIT BREAKER 
(AUXILIARY STARTER 
SWITCH CIRCUITS) 

EE— CIRCUIT BREAKER (HULL, 
STOP, LOW OIL, BLACKOUT, 
AND DRIVING LAMPS, AND 
SIREN, CIRCUITS) 

FF— CIRCUIT BREAKER (LC 
ENGINE AIR HEATER 
CIRCUIT) 

GG— CIRCUIT BREAKER (LA 
ENGINE AIR HEATER 
CIRCUIT) 

HH— PANEL FACE PLATE 
ATTACHING SCREW 

II— BLACKOUT DRIVING LIGHT 
SWITCH 



RA PD 36307A 



Figure 7 A — Instrument Panel — Legend 
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(2) Check transfer case oil level, fill if necessary. 

(3) Check presence and condition of fixed and portable fire ex- 
tinguishers, 

(4) Check battery solution, add water if necessary. 

(5) Check for oil leaks on floor of fighting compartment. 

(6) Open fuel tank selector valve. 

(7) Check operation of turret locking mechanism. 

(8) Check traverse and operation of turret weapons and turret. 

(9) Check gyro-stabilizer mechanism. 

(10) Check stowage of ammunition, flags, field equipment and 
rations, if carried. 

(11) Check water cans, fill if necessary. 

(12) Inspect sighting and vision devices for breakage. 

(13) With a clean cloth clean all vision and fire control devices. 

(14) Inspect guns and mounts for defective performance. 

(15) See that covers for guns, sighting equipment and accesso- 
ries are properly installed, 

c. Outside tank. 

(1) Check general condition of sprockets, bogies, springs, guides, 
gudgeons, track supporting rollers, and idlers. Tighten sprocket 
bolts if necessary. 

(2) Check tracks for wear, tightness, and tension. 

(3) Check track connectors for wear. 

(4) Check tightness and wear of track connector wedges and 
wedge nuts. 

(5) Check grousers, if in use. If not in use, check to see that a 
full set is stowed in vehicle. 

(6) Be sure radiators are clean and cores completely open. 

d. Beneath tank. 
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(1) Check to see that engine inspection plates are in place and 
I ml led securely. 

(2) Check to see that all drain covers and plugs are in place and 
tight. 

(3) Look at ground under tank for oil, water, and fuel leaks. 

e. On top of tank. 

(1) Check to be sure turret race is clear of any foreign matter 
lich would obstruct rotation of turret. 

(2) Check radio antenna for breaks. 

<:'.) Check for oil, water, and fuel leaks in engine compartment, 
then bolt engine compartment doors securely. 

| I) Check that all accessories (pioneer tools) are present. 

(5) Check level of engine coolant and refill as needed. Be sure 
drain valves are closed. Open bleeder valves when filling and close 
Wfhen system is full. 

(6) Check auxiliary generator fuel, fill if necessary. Test auxil- 
i ii v generator* 

H, STARTING INSTRUCTIONS. 
.i. General. 

( I ) Each engine has its own starting motor (see fig. 23) and its 
own starting controls on the instrument panel (fig. 7). 

» ' ) ( )pen fuel tank selector valve. 

I ) Always hold the clutch pedal all the way down, or lock out 
iIh- clutches, while the starter is cranking its engine. 

i I ) Move both hand throttles forward until they are felt to seat 

In the idle position. NOTE; Low pressure oil indicator lights on in- 

Irument panel will come on when hand throttles are moved into idle 

DOlil loll. 

(5) Start the engines one at a time by pressing first one starter 
lull Imi and then the other. Do not press both starter buttons at once, 
to avoid too great a load on the battery. Starting both engines at 
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once (with clutch engaged) by means of a single starter must not be 
attempted, because of the overload on .the starter motor. If engine 
does not start within 30 seconds, release starter button and check 
engine (see par. 45 b and c) . 

(6) After one engine is started, it may be run independently of 
the second engine, provided that the clutch of the second engine be 
locked out 

(7) One engine may be started and used to start the second en- 
gine (see par. 8 d), but this method is to be used only when one of 
the engines cannot be started in the normal way, 

(8) CAUTION: Only trained personnel should attempt to start 
this Diesel power unit by towing. (See par. 8 e.) 

(9) When both engines have' been started, set the hand throttle 
levers to equalize engine speeds at 800 to 1000 rpm for the warm-up 
period— until engine temperature gages read 160 F (71 C)— and re- 
lease the clutch lockouts and/or the clutch pedal. 

b. Cold weather starting. When the temperature is below 40 F 
(5 C), the following procedure, which utilizes the air heater built 
into each engine, is to be used to start first one engine and then the 
other : 

(1) Be sure gearshift lever is in neutral. 

(2) Lock out both clutches (see par, 10 d) . 

(3) Fully open the air heater fuel inlet line shut-off valve (see fig. 
7) above the instrument panel. 

(4) Open the engine throttle wide. 

(5) Turn on the air heater ignition switch (see fig, 7) on the in- 
strument panel. 

(6) Release the air heater pump plunger on the instrument panel 
by turning the knob counterclockwise. 

(7) Press the starter button and hold it in firmly, while operating 
the air heater pump with smooth, even strokes, using a firm pressure 
of ten pounds or more on the pumping stroke. (If the weather is 
extremely cold, a few additional strokes of the air heater pump after 
the engine starts, with a pause after each stroke, will help warm up 
the engine and keep it from stalling.) 
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(8) When the engine starts, release, the starter button and 
quickly regulate the throttle to avoid racing the engine. 

(9) Turn off the air heater ignition switch promptly. CAUTION: 
The coil may be seriously damaged if the switch be left on too long. 

(10) Push the air heater pump plunger all the way in and turn 

I I clockwise until its spring catch engages. 

(11) Follow steps (4) through (10) to start the second engine. 

(12) Close air heater fuel shut-off valve. 

(13) When both engines have been started, adjust hand throttle 
fevers to equalize engine speeds at 800 to 1000 revolutions per min- 
Ute (watch tachometers) for the warm-up period, and lock the 
throttle levers by pulling down the locking lever (between the 
throttle levers). 

(14) Depress clutch pedal fully, release both clutch lockouts, 
i In ii release clutch pedal slowly. 

(15) When engines have reached normal operating temperature 
I Mid F, 71 C), and always before starting the tank, release hand 

I I I ml .tie lock and move both hand levers to the idling position. 

«•. Warm weather starting. At temperatures above 40 F (5 C), 
ih«> air heaters need not be used. Start one engine and then the 
other, as follows: 

1 1 ) He sure gearshift lever is in neutral. 

(2) Push both hand throttles all the way down, then move them 
Up to the idling position. 

(8) Hold down clutch pedal, or lock out the clutches. 

< I ) Push in one starter button and hold it firmly until its engine 
tarts. 

(f») Repeat step (4) to start second engine, 

1 6) Look at tachometers on instrument panel to make sure both 
I iij.iiu's are running, adjust hand throttle levers to equalize engine 
n up speeds at 800 to 1000 revolutions per minute, and lock the 
lovers. 

(7) lOngage clutches slowly. 
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(8) When engines have warmed up, and always before starting 
the vehicle, move both hand levers to idling position. 

d. Emergency starting. In case only one engine can be started by 
the normal methods outlined in b and c, preceding, the second 
engine often can be started by cranking it with the running engine, 
as follows : 

(1) With both clutches still locked out, or clutch pedal fully 
depressed, adjust the throttle lever of the running engine to 800 to 
1000 revolutions per minute on its tachometer. 

(2) With both clutch lockouts released, slowly release the clutch 
pedal while opening the foot throttle gradually to maintain the speed 
of the running engine. 

(3) When the second engine starts, again depress the clutch pedal 
fully, set the hand throttle levers to equalize the warm-up speeds at 
800 to 1000 revolutions per minute, then gradually release the clutch 
pedal. 

(4) When engines have warmed up, and always before starting 
the tank, move both hand levers to idling position. 

e. Starting by towing. Starting by towing should be done only in 
cases of emergency. In such instances, the steps outlined below 
should be followed : 

(1) Check engine and fuel, oil, and cooling system to determine 
if in condition to start. 

(2) The towing vehicle should be placed in the lowest gear. 

(3) The vehicle to be towed should be placed in the highest gear. 

(4) Lock out one of the engine clutches, then, after the towed 
vehicle starts to move, the other clutch should be smoothly engaged 
with the throttle in the no fuel position. 

(5) When the engine is turning over, move the throttle to the 
full fuel position, until the engine fires. If the engine does not start 
after a few revolutions, stop the vehicle and recheck to determine if 
engine is in condition to start. Do not continue to tow a Diesel pow- 
ered vehicle if it does not start readily, 

(6) Do not tow the vehicle with the throttle in the idle position, 
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I nee the governor action will move the injector rack position to no 
futl when the engine is turned over faster than idling speed. 

(7) When atmospheric temperature is 40 F or lower, operate the 
mi heater when the clutch is engaged to turn over the engine. 

(K) After starting one engine by towing, start the other engine 
b) means of the running engine, observing the rules listed in d, pre- 

•i KN<;iNETEST. 

». As soon as the engine has started, the oil gage should be 
Wtttched. If the gage does not indicate oil pressure within one-half 

lute, the engine should be shut down and an investigation made. 

Lou oil pressure warning lights (see fig. 7) should come on when 
In, ii. I throttles are moved out of the no fuel position, and continue to 
hum with engines idling. They are automatically turned off when 
i,i i per oil pressure is reached as engine speed is increased. If lights 
ltd no! go out as engine speed increases, stop engines and correct 
r low oil pressure (see par. 45 j) . 

I., Warm Up the engine by idling at speed of 800 to 1000 revolu- 
i ion:, per minute for at least five minutes. 

mi OPERATING THE TANK. 

ii. The driver should be thoroughly familiar with the function and 
iteration of all the controls (fig. 5) and instruments (fig. 7) before 
1 1 hMiipling to drive the tank. 

Ii. When the engine has warmed up, and all instruments showing 
n .il readings, the tank is ready to start. 

i l i Release the parking brake. 

(2) Disengage the clutch by pressing clutch pedal down to the 
Hid holding it down. (Disengage lockouts.) 

| . Kugage first or second gear (see fig. 6). NOTE: Normal 

. on level, hard ground, are made in second gear. First gear is 

eeper gear, for use in maneuvering the tank inch by inch, or in 

a quarters, and for starting the tank up a grade or in deep mud 

|}| ui'l 
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(4) Gradually 2*elease the clutch pedal, at the same time depress- 
ing the foot throttle. CAUTION: Do not attempt to move the tank 
in close quarters without the aid of personnel outside the tank serv- 
ing as a guide. 

(5) When the tank has started and picked up speed, release the 
foot throttle and depress the clutch again, then move the gearshift 
lever into the next higher gear position. Release the clutch and 
depress the accelerator to pick up the load. 

(6) The same sequence of operations is repeated for each shift. 
The tank should be driven in the highest gear that will permit the 
engine to be run at its full governed speed (2100 revolutions per 
minute). NOTE: Never make the Diesel engine labor or lug; shift 
to a lower gear, and keep the engine speed up. CAUTION: Do not 
ride the clutch. The driver must keep his foot off the clutch pedal 
while driving, to avoid serious damage to the clutch. 

(7) To engage reverse gear, the tank must be at a dead standstill. 
With the throttle closed to idling speed, hold down the clutch pedal, 
depress safety lock button on the gearshift lever, and move level' to 
the reverse position (see fig. 6). CAUTION: Backing the tank should 
never be attempted without an observer out front to direct the 
driver. 

(8) To steer, pull back the right-hand steering lever to make a 
right turn, or the left-hand lever for a left turn. This action slows 
down the track on the inside of the turn and speeds up the other 
track. On turns, more power is needed. As the driver anticipates 
making a turn he must be ready to open the foot throttle to a greater 
extent, depending on the sharpness of the turn. 

(9) To stop the tank, depress the clutch pedal, release the throttle, 
and pull back equally on both steering levers at the same time. 

(10) The parking brake, located on the transmission housing, 
should be used only for parking— never while the tank is in motion. 

(11) The tachometer, the water temperature gage, and the oil 
pressure gage give the most satisfactory indications of engine per- 
formance. Should the indications of any of these instruments appear 
to be irregular, the engine should be throttled down and the cause 
investigated. Water temperature should not exceed 190 F (88 C) 
under normal climatic conditions (see par. 83 b) . 
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r. I s<« of hand throttles. 

(1) On the inside front slope, in line with the driver's right arm 
ltld 'i eye level, is the hand throttle bracket. There are two hand 
throttle levers, one for each engine. Pushing down on the hand 
throttle moves the governor link, which in turn moves the injector 

rol racks toward the full injection position. Pulling up on the 

I Hirottles moves the injector control racks toward the no fuel 

lion When hand throttles have been pulled up as far as they will 
i hey are in the no fuel position and the engines will stop. 

I \-> set the hand throttle levers for idling speed, first push 
i li< im down beyond the idling position, then move them upward until 
' Ik governor control levers are felt to seat in the idling notches of 
i h- governor control cams. 

i i I '.<«l ween the two hand throttles is a third lever, the throttle 
ln< I, By pushing down this lever, hand throttles can be locked in 
po 'it ion. 

di U«e of clutch lockouts. On the hand throttle bracket, directly 
above the hand throttle levers, are two nickel buttons (see fig. 5) of 
1 1 pull-out type. These buttons control the clutch lockouts, one for 
i . h engine. Light wires in flexible housings lead from the pull but- 
back to the lockout levers (see fig. 92) in the clutch selector 
i bracket. Although the two clutches operate simultaneously 
n I he clutch pedal is operated, the clutch lockouts can be used 
In lock out either engine. Their purpose is to permit the continued 
ip< i ution of the tank on one engine if the other engine fails. CAU- 
I H >N : ('are must be used in operating the clutch lockouts. The lock- 
out levers cannot be moved unless the clutch pedal is fully depressed. 
I., pull out or push in the lockout cable buttons, hold the clutch pedal 
down as far as it will go. 

v. Idling. Prolonged periods of idling, especially during cold 

. tther, produce conditions that can adversely affect operation or 

. i. result in serious damage to engine parts. Idling time should be 

hold I" a minimum and should never exceed five minutes. Whenever 

[in isible stop the engine to avoid a long idling period. During neces- 

n \ idling periods, engine speeds should be above 600 revolutions 

minute in order to maintain engine operating temperatures 

iIm.u' 160 F (71 C) minimum. 
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11- STOPPING THE ENGINE. 

To stop the engine, release the foot throttle, and let engine slow to 
idling speed. With quick motions, push the hand throttles down and 
immediately snap them all the way up to the off position. 

12. COLD WEATHER OPERATION. 

a. Cold weather starting difficulties are largely eliminated by the 
engine air heaters (see par. 53 a) , provided that the lubricating oil 
in the engine is of proper grade for the existing temperature. 

b. Under extremely cold conditions it may be necessary, in order 
to avoid malfunctions, to exercise special precautions in lubricating 
machine guns and other armament. TM 9-850 gives information cov- 
ering the proper treatment of such equipment during extremely cold 
weather. 

c. For instructions for operation in extreme cold, see Section VIII. 

VI AUXILIARY GENERATOR UNIT (figs. 143 and 144). 

a. Description. The auxiliary generator is used to keep the tank 
batteries charged when the Diesel engine generators are not operat- 
ing, and to supplement the output of the Diesel engine generators 
when the gyro-stabilizer unit, turret-traversing motor, gun-firing 
solenoids, radio, and other electrical installations, impose a heavy 
load on the batteries. The unit, which is mounted in the hull compart- 
ment on the sponson floor to the left rear of the turret platform, or 
basket, consists of a 30-volt 1500-watt generator directly driven by 
a one-cylinder air-cooled gasoline engine. A governor controls the 
speed of the engine at all loads. On the control box, in front of the 
unit, is the ammeter, which indicates the charging rate of the gen- 
erator. The panel also has the starter button, and a charging circuit 
reset button used to reset the circuit breaker. The normal charging 
rate with a discharged battery is 50 amperes. With a fully charged 
battery, the auxiliary generator ammeter reading should be 3 to 5 
amperes. The unit has its own fuel (gasoline) tank, holding 17.3 
quarts, which is filled through the filler port (see fig. 26) marked 
GASOLINE, in the hull just to the left rear of the turret. 

b. Lubrication and fuel. For proper lubrication of the unit, % Pint 
of OIL (ENGINE, SAE 30) must be thoroughly mixed with each 
gallon of gasoline before the fuel is put into the tank. Thorough 
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„. is essential, both to lubricate the unit properly and to pre- 

,i,i fouling of the spark plug and the intake and exhaust ports. 
I : SO oil is not obtainable, use SAE 50.) 

itarting, electric. 

. I i Open the shut-off cock on the fuel filter at the bottom of the 
i ... i tank. 

| • i In rold weather, below 32 F (0 G), close the carburetor choke 
iO\ ing the choke lever on top of the carburetor, directly behind 

ngjne. (The choke is open when the lever is against the stop 

pin ) In warm weather, or when the engine is warm, the choke 
1 1. 1 no1 be used. 

. I) Hold the starting button in, and release it as soon as the 

l njflnc starts. Immediately, open the choke part way, then gradually 

, i to the full open position as the engine warms up. CAUTION : 

I h, , hoke must not be used as a throttle. The automatic governor 

i , , ,, the engine at the proper speed, at all loads. 

i Starting, hand. The auxiliary generator unit may be started by 

I 

| i ) Pry open the three clips on the magneto shield. 
| i Remove the front half of the shield. 

(S) Wind the starting rope counterclockwise on the exposed 
i ii i in}',- pulley. 
(4) Use the choke as for electric starting (par. 13 c. (2) . 
, i) « live the rope a sharp pull to spin the engine quickly. 
0, Battery charging. The auxiliary generator should be in opera- 
tion .lining use of the gyro-stabilizer unit, turret power-traversing 
nanism, radio or interphones, and when any of the solenoid- 
i>p<«i Qted guns are being fired, if the Diesel engine generators are not 
rating and also if they are running and the ammeter on the 
m i.n instrument panel indicates that the battery is discharging. 
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f. Air duct. With the unit in operation, the heat from the gasoline 
engine is normally carried into the Diesel engine compartment by 
air from the auxiliary generator engine blower, on which the engine 
depends for cooling. The warm air can be directed into the crew 
compartment by opening the door at the end of the air duct. 

g. Stopping the generator engine. 

(1) Press the red stop button on the back of the magneto and 
hold it down firmly until the engine stops. 

(2) Turn the fuel shut-off cock clockwise until it is fully closed. 
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Paragraph 

kniwment 14 

' iptn ntton 15 

11 VKMAMENT. 

a. Description. 

I i ) The standard armament installation in the Medium Tank 

M I A.' consists of a 75 mm gun and a caliber .30 machine gun on a 

combination mount in the turret; a flexible-mount caliber .30 ma- 

■ jam, in the right bow; a caliber .50 machine gun for mounting 

till Mm- revolving turret hatch ring for antiaircraft fire; and a caliber 

1 11I. machine gun, carried inside. 

1 ! ) The 75 mm gun and the caliber .30 machine gun in the turret 

i! fi :WiO-degree traverse (effected by traversing the turret), 

".. I may be elevated 25 degrees above the horizontal and depressed 

In 1I1 'j'lvyp below the horizontal. Elevation of these guns is controlled 

llher manually or by a gyro-stabilizer, which automatically main- 

I linn their angle of elevation with reference to the horizontal 

• In n the tank is in motion. The gunner sits to the right of the 75 
gun and operates the elevating and traversing controls, the 

ibilizer controls, and the firing switches for both turret guns (or 
I In* 75 mm gun firing pedal). The gunner sights through a telescopic 
ir lit built into his periscope (par. 15 e). The mount for the gunner's 
1 • > 1 cope is connected to the gun by an arm and link, so that the 
I'*' <■! aim is automatically changed with any change in gun eleva- 
and is automatically maintained (vertically) on the target 
when the gyro-stabilizer is controlling the gun. Calibrated controls 

• 1 1. 1 1 •!«' the gunner to adjust the reflecting prism of the telescope to 
hi in]', the line of aim on the target when the gun is elevated to the 
angle called for by the range to the target. 

(8) The loader is stationed to the left of the 75 mm gun. A per- 
« ope for the loader is located in the top of the turret, in a mount 
Hi. 1 1 can be tilted or revolved to change the angle of vision. A pistol 
1 mi 1 is provided in the left side of the turret. 
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\\l rounds 75 mm 

>0# HE 
n. f AP 

in 1 , WP (smoke) 



iimi rounds caliber .50 

KO'/f AP 

WV'A tracer 



<■ rounds caliber .30 

ir , AP 
miv, tracer 



hi. ii rounds caliber .45 



STOWAGE POSITION 

15 rounds — Left sponsor] for- 
ward of water can rack. 

17 rounds— Right sponson 
next to assistant driver, 

15 rounds — Right sponson for- 
ward of engine compart- 
ment bulkhead. 

30 rounds — On floor under 
turret basket to rear of 
escape door. 

8 rounds — On turret "ready" 
rack floor. 

12 rounds — In ready clips 
around turret basket step. 



150 rounds — In three 50-round 
boxes right sponson next to 
assistant driver. 

150 rounds — In three 50-round 
boxes strapped to turret 
floor. 



i ■ grenades, hand 
I fragmentation M2. 
• 1 1 ir ii nite, incendiary. 4 smoke. 
,.ilVnsiveM3 w/fuze, 
detonation, hand grenade, M6. 



4500 rounds — In eighteen 250- 
round expendable boxes un- 
der turret basket to rear 
of driver. 

1750 rounds— In seven 250- 
round expendable boxes, on 
turret floor under 75 mm 

gun. 

250 rounds — One 250-round 
expendable box on "ready" 
rack of bow gun. 

250 rounds — In one 250-round 
expendable box on "ready" 
rack of turret machine gun. 

660 rounds— In twenty-two 
SO-round clips in subma- 
chine gun bracket above 
turret radio. 



4 fragmentation, 2 offensive 
and 2 smoke in box under 
75 mm gunner's seat. 

2 smoke and 2 thermite in 
box, left side turret wall. 



Figure 8A — Ammunition Stowage 
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(4) An antiaircraft mount for the caliber .50 machine gun is at 
the revolving: turret hatch ring. The hatch ring may be locked t« 
prevent its revolving. 

(5) A periscope in a revolving mount in the turret hatch is pros 
vided for the use of the tank commander when the hatch is closed. 

(6) The caliber .45 submachine gun is carried in a bracket in the 
top rear of the turret, just above the radio. 

b. Stowage of ammunition. 



75 mm 



97 rounds 



• 30 callber • 6750 rounds 

• 50 caliber - 300 rounds 

.45 caliber 660 roundg 

Hand grenades 12 rounds 

15. OPERATION (figs. 11-14). 
a. Turret traversing mechanisms (figs. 10 and 148) . 

(1) Description. The turret can be traversed manually by means 
of a handwheel, or mechanically by means of a hydraulic mechanism 
with electric drive. Power traversing of the turret may be done at 
varying speeds and in either direction, depending on the degree and 
direction of rotation of the pistol-grip control. A disengaging shift 
lever keeps the power traversing mechanism inoperative as long as 
the handwheel is engaged for manual traversing. The power travers- 
ing mechanism and the traversing handwheel are directly in front 
of the gunner. The position of the turret, with reference to the 
front of the tank, is indicated by a telltale arrow (on top of the 
slip ring box), which always points to the front end of the tank. 
At the gunner's right is a locking clamp which, when engaged, pre- 
vents rotation of the turret. It is important that this locking clamp 
be completely disengaged (with the handwheel turned as far as pos- 
sible to the left, or counterclockwise) before power or manual tra- 
versing of the turret is attempted. 

(2) Traversing. 

(a) Free the turret by turning the wheel of the turret locking 
clamp to the left until it will turn no farther, to completely disen- 
gage the locking lug from the turret ring gear. 
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Figure 1 1 — Assistant Driver's Station in Right Bow 
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(b) Before using the power traversing mechanism, always checl 
to see that the turret traverses freely without binding. Push down 
on the shift lever below the hand traversing grip while slowly turn 
mg the traversing handle to engage the hand traversing gears. 
Rotate the turret 360 degrees by hand, to make certain it does not 
bind. 

(c) The power traversing mechanism may now be engaged and 
the hand traversing mechanism disengaged by pulling up on the 
shift lever while slowly turning the handle. 

(d) Turn the turret switch, on the face of the turret master 
switch box, to on. Closing the switch starts the motor, which drives 
the oil pumps supplying hydraulic power to the traversing mechan-j 
ism and to the gyro-stabilizer. 

(e) The turret can now be rotated by turning the pistol-grip 
control handle in the desired direction. The traversing speed is in 
direct relation to the angle to which the handle is turned from its 
normal position; that is, the farther the handle is turned, the faster 
is the traversing speed. 

(f) When the stabilizer and the power traversing mechanism 
are not to be used, turn the motor switch to the off position. 

(g) Lock the turret by turning the turret clamp handwheel all 
the way to the right, or clockwise, rotating the turret slightly, if 
necessary, to engage the clamp in the turret gear. 

b. Gyro-stabilizer unit (figs. 138; 148-150), 

(1) General. When firing the 75 mm gun with the tank in motion, 
the gun can be aimed and held at a constant angle of elevation, with, 
reference to the true horizontal, by means of the gyro-stabilizei 
unit, which operates the hydraulic elevating cylinder to offset the 
pitching or rolling of the tank. CAUTION: Do not operate the 
gyro-stabilizer when the tank is standing still, to avoid drain on the 
batteries. 

(2) Operation. 

(a) Check the oil level in the stabilizer oil gage (fig. 149). The 
glass gage at the front of the reservoir should show at least two- 
thirds full (Univis 47). Add oil if needed. 
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(|>) Takfl Hi. hand elevating gears out of mesh by pushing in on 
(In. i ii the bottom of the elevating gear clutch lever (fig. 

ii viug the knurled lever to the left and releasing the 

. Dei iiol operate lever with gyro-stabilizer power switch on. 

(i | I n.iii.l, move gyro-stabilizer control box (fig. 150) mounted 

i caliber :M) machine gun bracket to left of 75 mm gun, to 

Ut, ii ut' .ii leal, < AUTION: Do not turn on current or attempt to 
ill en i a I til izer until control box has been placed in correct 
II tin' box is not vertical, the gun will move and may seri- 
ii in i < personnel in turret. 

I iv mre the multi-prong plug (fig. 150) is connected to the 

m i <> iniil i nl unit. 

, | i the stillness adjustment knob on the recoil and stabilizer 
i box (fiff, 149) at zero. 

(f J To atari the gyro unit, turn the turret switch to the on posi- 

i nap the stabilizer toggle switch to the left or on position. 

i i \llow at least 60 seconds for the gyros to reach top speed. 

til (F) weather, allow one-half minute running time for 

ih'U I,-.- below zero.) 

ni Turn the stiffness adjustment knob slowly to the right as far 
i II the gun vibrates, indicating too stiff an adjustment, 
Hi. setting slowly until movement stops. Failure of the 

mi i main in its set position indicates insufficient stiffness. If 

mi, Lai'U to vibrate as the stiffness rheostat knob is adjusted, 
i nob in the opposite direction until the vibration is elimi- 

i i ng operation, it may be necessary to make slight changes 

m ilin (illness adjustment knob from time to time as conditions 

ilii Brim the gun to the desired elevation by turning the elevat- 
li i ii. I w heel. 

in Before firing, set the recoil adjustment knob on the control 
i.i. to the No. 5 position. 

i,) II I Ik* breech drops after firing the first round, change the 

i . i ling, by turning the knob to the right, or clockwise. If the 

, . turn the knob to the left. Check the recoil setting after 
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reached. the ^ ^ Sh ° tS ' a " d adJ " St """' the Correct settin S ia 
beobserved " 8 ' *" ° Perating the Stabilizel ' celtain «»««» are to 

(a) Never force the gun up and down rapidly by hand, to avoiJ 
drawing air into the system around the piston rod. 

J*! fh hm e ° ntr ° llin ? g , U " e,evation > avoid fining the handwheel 

rfnL t , S r a< L hed ' ts " mit ° f elevation or depression. Col 

tinned turning of the handwheel will cause the motor to labor, an<^ 
overload the tank battery. ' 

lubricated^ a " Stab " iZer P3rtS tfght ' a " d m ° Vilig parts P r °P er 'y' 



«hiL T °, 6l in gage When turnin * on the stabilizer. TherJ 
tuvn^H ™ ™/T m leVel Changre in 0il ,evel when stabilizer is 
Par 143? PreSenCe ° f ail ' *" the SVStem ' (F ° r remedy ' se « 

(e) Sudden changes in the speed of the tank will cause the gutt 
to bob. tor cons.stent firing, it i s essential that the speed of the 
tank be kept as constant as possible, with the engine running at full 
governed speed. (To run the tank at reduced speed, shift to a lower 
gear and maintain full engine speed, rather than run on part throttle 
in a higher gear.) 

(f) To protect the battery, the auxiliary generator should always 
ismlTuse tHe Stabilize1 ' or the power traversing mechan- 

(g) While the tank is standing still, the gun should be controlled 
manually. Do not use the stabilizer except when the tank is in mo- 

c 75 mm gun and caliber .30 machine gun. 

(I) Firing controls (fig. 138). The two turret guns are fired elec- 
trically by means of the firing buttons (foot-operated switches) to 
the left of the gunner. The foot switches operate only when the 
firing switch on the turret switch box is to the left or on position. 
A red telltale light warns when the firing switch is on. The right 
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nw id h rues the 75 ram gun, the left switch the caliber .30 machine 
|UH The 75 mm gun can be fired mechanically by a pedal mounted 
i.. id. I. -ft of the foot switches. 

i ) Precautions. The care and operation of the 75 mm gun are 
.•ml m detail in TM 9-307. Certain precautions should be noted; 

- 1 1 Make sure that the telescope is perfectly calibrated with the 
Him I iv bore sighting. 

(Ii) ( heck the alinement of the machine gun by firing on a target 
















RA PD 36312 



Figure 72 — Pistol Port, Dosed and Locked 
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at a. known range, and make any necessary adjustment at the real 
of the gun mount. 

(c) Before firing the 75 mm gun with the gyro-stabilizer in opera 
tion be sure the stiffness and recoil adjustments are properly set. 
The recoil should be set at 5 at the start, and adjusted as necessarj 
after each of the first few shots. 

d. Firing of other guns. 



KNURLED NUT 



MOUNT 




SAFETY LOCK 



GUARD ► 



Figure 13 — MS Periscope and Housing Details 
46 
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mi ll>. assistant driver observes the strike of his caliber ,30 
in mi nl bow machine gun by means of his periscope. 

ii Hi.- caliber .45 submachine gun can be fired through the pistol 
i id its lire observed also through the periscope of the loader or 
n,i ...I. . nmmander. The caliber .45 gun can be used also to supple- 
i 1 1 1 • • ( a I i be r . 50 gun for antiaircraft fire . 

(ft) I he caliber .50 machine gun is fired from a special mount 
H n, involving turret hatch ring (fig. 145), which permits an all- 
il t nive rse, and almost verticle fire for antiaircraft use. 

, Periscopes and telescopic sight (figs. 13 and 14). 

. i \ An indirect vision device, or periscope, is provided for each 
monitor at his station (see fig. 4). Each periscope, except that 




HEAD 



DEFLECTION 
ADJUSTMENT 



ELEVATION 

ADJUSTMENT 



HANDLE 

RA PD 3A3 1 4 

Figure 14 — M3 Periscope, with Telescope, for 75 MM Gunner 
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of the 75 mm guriner, is mounted in a revolving plate which permits 
vision in any direction, and the mount can be tilted to raise or lower I 
the line of vision. Lock screws are provided to hold the mount sta- 
tionary when desired. The periscope is held in place in its mount by 
a knurled nut on the back, A safety lock on the periscope housing 
prevents the periscope from falling out if the nut becomes loosened. 

(2) To install the periscope, push it upward into place until the ' 
retaining bolt is against the mount (If the periscope does not enter 
freely, check to see whether the head guard bolts have been tight- 
ened down too far, so that they protrude inside the periscope mount.) 
Tighten the knurled nut at the back of the periscope and move the 
safety lock into place. To remove the periscope, unlatch the safety 
lock, loosen the retaining nut, and pull the periscope down by the ] 
handle. 

(3) The heads of the periscopes are replaceable. They are pur- 
posely made of relatively fragile material so that, in case of a hit, 
they will shatter rather than become wedged in the mount. Care 
should be exercised in handling periscopes to prevent cracking or 
breaking of the heads. 

(4) The mount of the 75 mm gunner's periscope is linked to the 
gun by means of an arm and synchronizing rod linkage (see fig. 149) 
so that its position changes in accord with any change in the eleva- 
tion of the gun. This periscope includes a telescope which can be 
adjusted for elevation and deflection, to provide for its calibration 
with the gun (as determined by bore sighting) and to permit the 
accurate laying of the gun and the observation of its strike. 

f. Pistol port (fig. 12). The pistol port is in the left side of the 
turret, above the loader's seat. It is equipped with a heavy cover, 
which can be locked in open or closed position. To open the pistol 
port, turn the lever handle to release the latch, then push down and 
out on the lever handle to swing the port cover up and out. When 
the cover is out as far as it will go, turn the lever handle to engage 
the locking lug in the socket at the left side of the port. 

g. Turret hatch (fig. 145) . When the turret hatch is open, a safety 
check, just below the hinge of each hatch cover, keeps the cover 
locked in the open position. To close, pull out the check release ring 
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i il» | Milling the cover. The half cover equipped with the locking 

1 1 1 it a 1< I In* closed last. When both covers are closed, they should 

kick m I by moving the latch handle to engage the latch with the 

i i in- hatch. To keep the hatch cover ring from revolving, turn 

mo thai ill** slot in the lower edge of the turret hatch ring is in 

Hi the linger release ring, then push the locking bar up into 

lol in l he hatch ring. 
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INSPECTIONS 

Parflgrop 

Purpose jfi 

Prestarting inspection yj 

Inspection during operation lg 

Inspection at the halt 19 

Inspection after operation 20 

Periodic inspection 21 

16. PURPOSE. 

To maintain mechanical efficiency, tanks must be systematically 
inspected at regular intervals in order that possible defects may 
discovered and corrected before they cause serious damage. 

17. PRESTARTING INSPECTION. 

It is essential that all five members of the crew be utilized in the 
inspection of the tank, under the direction of the tank commander.] 
The inspection will cover the entire tank as well as the engine, as 
outlined in paragraph 7. 

18. INSPECTION DURING OPERATION. 

a. During operation, the driver should be alert to detect abnormal 
functioning of the engine. He should be trained to detect unusual 
engine sounds or noises. Each engine should be listened to individual- 
ly, to isolate trouble when it is detected. The driver should glance 
frequently at the instrument panel gages to see whether the engine 
is functioning properly. An unsteady oil gage pointer may indicate 
low oil supply in tank or air leak in the suction side of the oil pressure 
pump, provided that engine speed is fairly constant. The driver 
should frequently check the free travel of the clutch pedal (par. 90). 
The steering and braking levers must be checked to make sure that 
their operation is positive. 

b. Only under exceptional circumstances should a vehicle be op- 
erated after indications of trouble have been observed. When in 
doubt, stop the engine, 

c. Inspection during operation applies to the entire vehicle, and 
should never be neglected. 
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. ri:< I ION AT THE HALT. 

i • ■ li halt the operator should make a careful inspection of 
. i . i . U- in determine its general mechanical condition. Minor 
i i.i.rh.l during operation, and defects discovered at the 

l Id be corrected before resuming the march. If the defects 

it In .•«, riveted during the halt, report to the proper authority. 

■ u liable general routine is as follows: 

- \ili.u I lu> engine to run a short time at idling speed. Listen 

I 1 1 noises. Then speed up the engine several times, again 
1 1. •fully. Check oil pressures and engine temperatures. 

In peel for water, fuel, or oil leaks, inside and outside the 

■ i uimme tracks for adjustment and for worn, loose, broken, 
u ]oi Is. Itemove dirt from rollers and from between bogie 
ml levers. 
n In peel hull and fittings for missing, worn, or loose parts. 
I i In. k the transmission oil temperature gage. 

hi perl the lights. 
. « 1 1. « i .leering brake adjustment. 
I heck fuel supply, 
i hi i in. I. engines for loose parts, connections, and leaks, 
.MM Wipe all vision devices. (Do not use an oily or dirty rag.) 

|| INSPECTION AFTER OPERATION. 

U Hi. end of each day's operation, the commander should re- 

, i inspection similar to that made at halts, but more thorough 

i i huled. The inspection should be followed by preventive main- 

II delects cannot be corrected, they should be reported 
m pi I \ to the person in charge. Oil checks should be made on level 

I ifter the vehicle has been allowed to stand until the oil has 

. m i, ,| NOTE : The fuel tank selector valve should be closed when- 
ipH of any length are to be made. 

I. i ruckH Lhat develop in castings or other metal parts may often 
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be revealed upon the completion of a run by the presence of oil andl 
dust deposits. 

c. The following points shall be covered in the inspection : 

(1) Examine the tracks and bogies. 

(2) Check track tension. 

(3) Inspect idler and bogie. 

(4) Examine the drive sprockets for worn or broken teeth anc 
loose bolts. 

(5) Examine track shoe units for unserviceable units. 

(6) Check transmission and differential oil level. 

(7) Check and clean air cleaners. 

(8) Inspect lights and siren. 

(9) Check for loss or damage of exhaust mufflers and accessories. 

(10) Inspect sighting: and vision devices for breakage. 

(11) Inspect guns and mounts for defective performance. 

(12) See that covers are properly installed on guns, sighting 
equipment, and accessories. anting 

nil*! i n T°! ammunition and fi ^ting compartments for cleanli- 
ness and orderly arrangement. 

(14) Replenish oil, fuel, water, and ammunition. 

h A 15) i For u co " ti , nuous operation in hot weather, battery water must] 
be replenished about twice a week. • 

(16) Check operation of turret traverse. 

(17) Check operation of auxiliary generator. 

(18) Check all items listed on commander's report. 
21. PERIODIC INSPECTION. 

The following periodic inspections are prescribed : 
firsts 5 ° h ° UrS ° r m mileS ° f °P erati *" (whichever occurs 
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" assembly Check for loose parts, 

lines, and connections 

1 ">(']• ■ Clean and refill 
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Reference 



1 ■ " • • » - . Replenish water and clean 

terminals 



h whI controls Check and adjust 



• "'-i shaft Test for vibration and back- 
lash 



26; 64 
117 b 



97 
25 b 



I mIh Initing oil system . . . Drain and refill 

Check lines and connections 

for leaks 
Replace filter elements .... 60 b (1) 
Clean strainer 60 b (2) (b) 

1 i "il system Check lines and valves for 

leaks 

• i traversing mech- Lubricate at two grease fit- 

'H in, turret tings on traversing gear 

Use general purpose grease 
in grease fittings on tra- 
versing gears and on tur- 
ret race 

iliary generator Check spark plug 136 a 

Check magneto contact 
points 136 b 

i it Inspection After 
( Operation Steps 20 

>i ike out driver's report 

(». After 100 hours or 1,000 miles of operation (whichever occurs 
I). 
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Remarks 



Repeat Inspection After 
Operation Steps 



Repeat 50-hour inspection 

Engine Clean thoroughly 

Fighting and engine com- Clean out; correct cause of 
partments excess oil 

Auxiliary generator Inspect for dirty condition, 

loose or faulty contacts. . 

Generator regulators .... Inspect 

Generator Check functioning and lu- 
bricate 



Paragraph | 
Reference j 

20| 

21 al 



Clutch and controls Check and adjust . . . 

Propeller shaft . . . Inspect and lubricate 



Cooling system Clean radiators and fan 

shrouds 

Fuel system Inspect lines for leaks at 

connections 

Primary fuel filter Check, clean if necessary . . 

Secondary fuel filter Check, and replace filter ele- 
ment if necessary 

Valve and injector oper- Check, and adjust if neces- 
ating mechanism sary 



136 
119 b 

26; 54 b 

90] 
97,98 
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LUBRICATION 

Paragraph 
ii 22 

i mill 23 

mi i«>n oil cooler 24 

•i I injt: oil tanks and lines . . 25 

in instructions 26 

1 1 mil records 27 

i i IMICATION. 

Department Lubrication Guide (figs. 16 and 17) for 

I >nk M 1A2 shows the points to be lubricated, the periods 

• i ion, and the lubricants to be used. Besides the items listed 

i i«lc, moving parts such as door and shield hinges, pistol 

< i , and door latches, must be kept lubricated. (Oil holes 

1 ibi Ii uLion fittings are painted red for easy identification.) 

|| I'OWUK UNIT (fig. 15). 

| I .nlir icattng oil is drawn from the oil supply tank by the pres- 
nll pump (par. 59) and is pumped through the engine oil cooler 
■i \ hich is mounted on the outer side of each engine. The 
Hill .1 ml ih I hen pumped through the engine lubricating oil circuit, 
i- I mIhius to the two sumps (front and rear) in the engine oil 
mmii which the two scavenger pumps return it to the supply 
\ pring-loaded by-pass valve in the oil cooler adapter by- 
pi I directly from the pump to the engine lubricating system, 
< i the pressure at the oil cooler inlet becomes approximately 
■ i d« greater than the pressure at the oil cooler outlet. 

ii \ pressure relief valve is housed in the oil pump, and an oil 
regulator valve is attached to the rear of the cylinder 

I -ii i he oil pan bolt flange. 

Pwo lubricating oil filters (see par. 60) for each engine are 

i'.iI on the filter panel (fig. 30) on the engine compartment 

ulkluifiil Oil entering the filter is bled off one of the oil passages 

• \ linder block, forced through the filter element, and returned 

ill t imI I) to the engine oil pan. 
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■I \ breather vent at the top rear of each engine leads from the 
il housing into the cylinder head. A breather outlet at the 
gttvi mm housing Leads to the air cleaner inlets. 

i HI A NSMISSION OIL COOLER. 

Mm Lrunsmission oil cooler {par. 104 f) is mounted in the crew 
.i Iment, at the top center of the engine bulkhead (see fig. 74). 

i I he transmission circulates through the cooler and back to 

Hi. i . an mission through two tubes, which are located to the right 
upeller shaft housing, on the hull floor. 

i i IIIUCATING OIL TANKS AND LINES (figs. 18 and 19). 

funks (fig. 18). A separate lubricating oil tank is provided for 

fine. Each tank is filled through its own filler hole on the top 

i I In i.r.k back of the turret. Oil level is shown by the combination 

r oil and fuel gage (par. 122 e (10)) on the instrument 

7). 

i u drain tanks and engines. 

< 1 1 Remove the lubricating oil tank drain plug cover plate, below 
Lull Moor plate (%-inch box or open-end wrench). 

- Remove the drain plugs (square Vfe-inch Allen wrench). 

Remove the two engine oil pan drain plug cover plates be- 
lli inifh engine (%-inch open-end wrench). 

< I ) Remove the engine oil pan drain plugs, one in the front and 

Lhe rear, from each engine. 

. 1M ernal lubricating oil lines (fig. 19) . Engine overheating and 

i ymptoms of faulty lubrication (as outlined in par. 45, Trou- 

i, Shooting) may indicate the need for removal and cleaning of 
u.tl lubricating oil lines, and possible replacement of faulty 
i ill .. , hose, or fittings. To remove oil lines : 

1 1 > t >rain the lubricating oil systems (par. 25 b), 

I | Remove the inlet and outlet hoses to lubricating oil filters, 
tflMunnectinr them at the filters (fig. 30) and at the junction plates 
IftimtMliately below. 
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(3) Remove the vent hose (see fig-. 19) between each lubricatij 
oil tank and the engine breather connector. 

(4) Remove the lubricating oil inlet and outlet tubes, from 
neath the engines, with inspection plates removed (see par. 7j 

(5) Remove the inlet tube connections from the lower rear ouf 
sides of the two engines, and disconnect tubes from lubricating 
tanks. 

(6) Blow out all lines and fittings that have been removed, \ 
flush out with gasoline. 

(7) Install lines by reversing the removal procedure. 

26. LUBRICATION INSTRUCTIONS. 

a. General. 

(1) The following lubrication instructions for Medium Tan 
M4A2 are published for the information and guidance of all cor 
cerned, and supersede all previous instructions. 

(2) References. Materiel must be lubricated in accordance wil 
the latest instructions contained in Technical Manuals and/or (X_ 
nance Field Service Bulletins. Reference is made to the Gener 
Instruction section (OFSB 6-10) for additional lubrication informa- 
tion, and to the Product Guide section (OFSB 6-2) for latei 
approved lubricants. 

b. Lubrication Guide (figs. 16 and 17). Lubrication instruction 
for all points to be serviced by the using arm are shown in Lubrica 
tion Guide No. 119, which specifies the types of lubricants require* 
and the intervals at which they are to be applied. The detailed lubr 
cation instructions that follow contain the same information as th 
guide. Guides from which data are reproduced are 10 x 15 inch lam 
inated charts, which are a part of the accessory equipment of eac 
piece of materiel. Data contained in the lubrication guides are take 
from Technical Manuals and are binding on using troops. 

c. Notes. Reference numbers in the Lubrication Guide (figs 1 
and 17) refer to the following notes giving additional lubricatio 
and service instructions on individual units and parts. (Cold weath 
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.«:.uv<i | SfcRIAL NUMBER locatad on nam* plat* fniida fighting compartment. 

Inlarval • Lubricant 

3 0E Final drives (3 piece unit 
anli) (See Table) I Note 71 



nt.il. *l« Oollad 
■ ■th tJ.r.i Polnli 
IJ. |M M,,l,.Me«i 



I .ilxl- *nt . 

,' ..ml final drive 
t «'< fium ( nnal» unit); 

.. .twin plug 

• unit) 

Jiain plug 

.. • unit only) 

..... .train plug 

«•«•• «»•»' »■»!< ■ o reach) 



« MOM ribKFING 
*r»MHlHT 



' I able) 0E 
(Note Tl 
'i,, t l„fihriirinQ CG 

INalr ISI 

i-.r lUpl WI 1 

. hi. I lull turn] 

idipler C6 1 

iiIkk br^rung *"• Vi 
I Sp at -nqly} 

I i i h i link C£ 

|J|| Inblel 
.(I INote 41 
■ r gtneraror Of \ \ IC ~~£jk *j 

MMiir 



fPOM fHGINE 

•uHfAHTMIHT 



li »l branng IR 

IMeliBI 

? ww l Ml., (i»candary) 

(Note 91 

i.llmi (primary) 

(Note 9) 

'. - ■ - 1 r r ISM 301 0E 

Htl I hole 15) 

. t,th. oil tank 

drain plug 

lla riaih. remove cover 

under hull} 

Air cleaners 0E 

(Hole 31 

• ling oil f Iters 

I Note 51 

• it drain plugs 
M« »»«ih, remove cover 

under hull) 
ii; ml vlrainer 
iiii« in oil rlil I Hole &l 




(Fill and level plug) 



SERVICED FROM FIGHTING 
COMPARTMENT 



% CG Steering brake lever cross 
shall 



i 0E Trans.. diH. end final 
drives (single unill: 
Trans, and diH. 13 piece 
unit) (Seelablel 
(Fill cap, level gage) 
[Note 7) 

1 CG Speedometer adapter 

% C6 fcttiMfl lever yoke shaft 

% 0E Firkin? brake lever shaft 
link eye toil hole! 

% C6 Pairking brake lever shaft 

T CC Universal joint [fitting) 
(Hale 10) 



I CG Slip joint (plug) 
(Note 101 

1 CG Clutch selector lever 
shaft (Hole ID 

1 CG Universal joint I filling) 
(Hot? 10) 

Trans., diff. and final drive 
oil cooler drain plugs 



V*' 



KEY- 



LUBRICANTS 



1. 1 >'!l inii<na 

■ rank* ata grada (unlan 

i.IIiii>Iii ipacifiad) 

wi OKI *\t, s«n.r«l purpoia 



CO— GREASE, general purpose 

No. I (abova +32 s F.) 
Ne.0(+33* F. toO* F.) 

BR— SftEASE. ball and rollar 
baaring 



INTERVALS 



'/*— no MILES I — 1.000 MILES 
Vs— 500 MI LES 31—3 .000 MILES 

CHECK DAILY 

Air ciaanert 

Engine oil tank! 

Primary and laeondary 
fu.l fittari 



Figure 76 — Lubrication Guide, Medium Tank M4A2 
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ORDNANCE SERIAL NUMBER located on nam, plate inside fighting compartm.nl. 



CAUTIOH — Lubricate Suspension Sys- 
tem Points on BOTH SIDES of Tank 



Interval • lubricant 

% CG Track support rollers 




Lubricant ■ Interval ' 
Bogie wheels CG % **" 



SUSPENSION SYSTEM 



Lubricant • Interval 



Interval ■ Lubricant 

" V* CG Suspension system idll 



Turret traversing gear and rack CS ■/« 
[To reach, remove guard) 

Hydraulic oil lank OH % 
(Fill cap) (Check level and refill 
if necessary} (Note 121 

Turret support bearing C6 V* 

Gear shall bearings CG 1 /* 

Turret support bearing CG W 

Hatch ring CG V* 
(To reach, lift rubber pad's! 



Turret support bearing CG V* — M * 

10 



Auxiliary generator 
IFill cap) (Hotel}) 




TURRET 



■KEY- 



LUBRICANTS 



OE — OIL, engine 

CO— GREASE, general purpote 
No. I (above +32° F.J 
No. ( + 32* f. toO° F.J 

OH— OIL, hydraulic 



INTERVAL 



•A— 250 MILES 
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Figure 17 — Lubrication Guide, Medium Tank M4A2 
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i liihrirution and service at temperatures below zero F (-18 
. . I ion VIII), 

NOTES— LUBRICATION GUIDE NQTE 

.,,,,*... 1 

,i . 2 

•■ i .iikI filters -•• 3 

i nunc air cleaners 3a 

\n miliary generator air filter (M4A2 Only) 

lull i< ;il iiift oil tanks 

illhK ill filters - 

oil strainers 

• 

1 1 nismission, differential, and final drives 7 a, b 

I j I}-, i tic transfer gear case 7 c 

i, |ul. ' hearings 8 

n I Mil, . 9 

i ii joints and slip joint 10 

i- « lot' lever shaft ~ 11 

n i It. ml Lank . (M4A2 Only) 12 

- iiirator (M4A2 Only) 13 

-nils 14 

In In- lubricated when engine is removed for 

H i n ■ i ion or overhaul 15 

[tarter motor , 15 a 

i 'I nt eh shifter shaft bearings 15 b 

I i ■ -iiiiiiiig no lubrication service 16 



I MSN] OF CAPACITIES AND LUBRICANTS TO BE USED 






Capac- 
ity 
(approxi- 
mate) 


Lowest Expected Air Temperature 


UNIT 


+32° F. 
and above 

(0°C. 
and above) 


+ 32° F. 
to 0° F. 
(0° C. to 
-18° C.) 


Below 

0° F. 

(Below 

-18° C.) 


i ulirimitng Oil System 
it'll 1 


32 qt. 
(refill) 


OE 

SAE 30 


OE 

SAE 10 


Refer 


. , . 


2'iqt. 


OE 

SAE 30 


OK 
SAE 30 


to 


1 'ill , : l ii e i 
1 .n d Drives (single unit) 


152 qt. 


OE 

SAE 50 


OE 

SAE 30 


Section 


i n»nch) (3-piece unit) 


36 qt. 


VIII 


1 DiiL (3-piece unit) 


64 qt. 
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NOTE 1. 
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Fittings. Clean before applying lubricant. Lubricate univerJ 
joints, bogie wheels, idler and track support rollers, and tachometj 
and speedometer adapters, until lubricant overflows at relief valvj 
lubricate other points until new lubricant is forced from the bel 
ing, unless otherwise specified. CAUTION: Lubricate suspensi 
points after washing tank. 

NOTE 2. 

Intervals. Intervals indicated are for normal service. For extren, 
conditions of speed, heat, water, sand, mud, snow, dust, etc., redufl 
interval by one-third or one-half, or more if conditions warrant. 
NOTE 3. 

Air cleaners and filters. 

a. Engine air cleaners (fig. 61). The power unit has six oil bal 
air cleaners, three on each blower inlet housing. Three types 1 
cleaners are in use. The first type (AC) cleaner has a single ov< 
opening. The second type (AC) cleaner has horizontal slots. TL 
third type (Donaldson) cleaner has vertical oval slots. All six al] 
cleaners on any one power unit must be of the same type. Alwaj, 
clean filter elements before servicing other parts of tank, to perml] 
ample time for them to drain dry. The frequency of servicing ai[ 
cleaners depends on the dust and sand conditions encountered, 
Under extreme dust and sand conditions, service air cleaners ever] 
eight hours to prevent premature engine wear. All six cleaners mus| 
be serviced at the same time. 

(1) Clean and fill oil reservoir every 25 hours or oftener, as rJ 
quired by operating conditions. 

(a) Wipe off loose dirt from outside of air cleaners. 

(b) Starting at center, loosen wing bolt and remove air cleanej 
as an assembly. 

(c) Carefully cover intake housing ports. (Do not stuff loose rag 
into housing) . 

(d) Remove upper portion of air cleaner with element and pou] 
out old oil. Scrape out sediment and wipe clean with rag soaked in 
Diesel fuel oil, (On Donaldson cleaner, remove snap ring and baffle 
to clean reservoir, and then install baffle and snap ring.) 



TM 9-73 IB 

LUBRICATION 

1 1 i . | n •■ : I all grommets, seals, and gaskets for wear, and replace 
iui j I Inspect condition of air filter element for clogging and 

i ill air cleaner oil reservoir with used crankcase oil or OIL, 
..nkcase grade. (CAUTION: Do not overfill oil reservoir.) 

Capacity 

i . iisp.' AC (with oval opening) 1 qt. 

ml i vpe AC (with horizontal slots) 3i/> qt. 

II on (with vertical oval slots) . 2% qt. 

i \ niible air cleaner, remove cover from intake housing, and 
ii tii cleaner, being careful not to spill oil into housing. Tighten 
i ii II:; and connections securely. 

Iran air cleaner filter element every 100 to 500 miles, or 
. i inspection shows accumulation of dust, dirt, or foreign 

I. . 

■ Mi air cleaner disassembled, brush off or blow off dirt and 
llioroughly flush the filter element or upper section in clean 
■ I 1 1 ii I oil. 

(h) Shake out element or upper section, and blow off or drain 
lily dry before assembling the cleaner, filling the reservoir, 
i n (idling on engine. If element is not dried, fuel oil drawn into 
Imiii .no' will cause serious detonation. 

«. \ ii \ ilia ry generator air filter. Clean the air filter monthly, as 
i 1 1 1 1 

hi Remove screws attaching air filter (see fig. 144) to car- 

f.<i . 
. i I h: assemble filter and wash parts in SOLVENT, dry cleaning, 

i hake parts dry and assemble filter. 
Mi Dip upper end of air filter screen in OIL, engine, SAE 30. 

i I (i stall air filter on carburetor. 
nil; i. 

Bliglne lubricating oil tanks (fig. 18). Each engine has its in- 
iial lubricating oil tank mounted on tfie floor in the forward 
ii uf the engine compartment. 
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MEDIUM TANK, M4A2 

a. Check oil level in each tank daily. 

(1) With engines running, turn tank gage selector switch <sJ 
fig. 7) on instrument panel to either lubricating oil tank position. | 

(2) Read level and add OIL, engine, grade specified in Table 
Capacities, until gage reads full. Do not overfill. 

(3) Repeat operations for other tank. 

b. Drain and refill engine lubricating system every 250 miles 
25 hours. 



LUBRICATING 
OIL TANK 




INLET 



STARTER 



5TRA1 



LUBRICATING OIL 
GAGE 
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Figure J 8 — Lubricating Oil Tank 
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• it |tn ir m ve drain hole cover plates under hull floor and remove 
lull from each lubricating oil tank and two drain plugs from 
me nil pan. 



LUBRICATING OIL FILTERS FILLER TUBE 



PRIMARY 
FUEL 
FILTER fc f 




FROM CYLINDER BLOCK 
BREATHER— TO FLYWHEEL HOUSING 
LUBRICATING OIL TANK 



TO LC ENGINE 
PRESSURE PUMP 




FROM LA 

SCAVENGING 

PUMP 



RA PD 363)9 



figure 1 9— Lubricating Oil Lines and Tanks 



III Wipe off drain plugs and install after units have drained dry. 
it rain hole covers. 

ii K« I ill each lubricating oil tank with 32 quarts of OIL, engine, 
i im . Hied in Table of Capacities. 
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(4) Run engines and recheck oil level in both tanks. Add oil 
necessary to bring level up to full mark. 

NOTE 5. 

Lubricating- oil filters. Two lubricating oil filters (see fig. 27) i'i. 
each engine are mounted on filter panel. 

a. Install new filter element at each oil change (every 250 mill 
or 25 hours) . 

(1) Remove filter cover, filter drain plug, and filter element. 

(2) Wash out filter housing with rag soaked in Diesel fuel j 
wipe dry, and replace drain plug. 

(3) Install new filter element. 

(4) Install filter cover, using new cover gasket, 

(5) Run engine and check for leaks. 

(6) Check oil level and add oil if necessary. 
NOTE 6. 

Lubricating oil strainers. 

a. In later model M4A2's, each engine has a lubrication oil strainj 
(see fig. 23) mounted on the engine oil cooler. 

b. Clean engine lubricating oil strainer on each engine every 21 
miles or 25 hours. (This operation can best be performed whilj 
engine lubricating system is empty during oil change.) 

(1) Remove engine inspection plate in floor of engine compar 
ment (par. 71 b). 

(2) Remove drain plug from oil strainer housing and loos* 
center bolt to drain strainer. 

(3) Remove engine oil outlet hose elbow from engine oil pan 
removing attaching bolts. 

(4) Remove strainer center bolt with gasket, strainer, housing 
and element. 

(5) Thoroughly wash inner and outer surfaces of element bj 
rinsing in clean Diesel fuel oil. Do not scrape, or use wire brush. 
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movp dirt deposit from inside of housing and face of oil 
itla|<t<M\ Wipe clean with rag soaked in Diesel fuel oil. 

unine strainer housing gasket, and replace if necessary. 

i*i Tin !.• new gasket over center bolt. Insert center bolt part 
ii housing and carefully slide element into housing. 

\ 1 1 1 1 element and housing held in place, firmly seat the ele- 
Dollui in the oil cooler adapter. Center the housing and tighten 
Hi v bolt. 

I Innlall drain plug and tighten. 

|t) IiimUU outlet elbow, using new gasket. Make sure flat side 
• I i .ij'.ainst elbow. 

M i In . i ;il I engine inspection plate. 

I - 

■ ii Mrs (transmission, differential, final drives, and engine 

i i iiiul.) . 

I I no -.mission, differential, and final drives, with one-piece 
ililhiiiilial housing. 

(|)i lurk oil level weekly. 

I .« v \ >iii Link on level ground, remove transmission filler cap 
•'i and wipe off indicator rod. 

In ■ 1 1 rod in filler neck with cap resting on filler neck. (Do 
if I breads.) 

i. i lie ve cap and read oil level. Add OIL, engine, grade speci- 

n Table of Capacities, if necessary, to bring level up to full 

Uiiplnce rap and screw on tight. 

i i i'i .mi .hI at end of first 250 miles and every 3,000 miles 
i (I >rain immediately after tank has been operated.) 

nove transmission drain hole cover under hull floor. 

i move transmission drain plug and drain plug from each 
I .Ii iv< Ik .using. 
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(c) Wipe off magnetic drain plugs and install after units hfl 
been drained dry, 

(3) Flush out gear cases. 

(a) Remove transmission filler neck strainer. 

(b) Thoroughly clean strainer in Diesel fuel oil and re-install. 

(c) Fill to one-half normal capacity with OIL, engine, SAE 1 
and install filler cap. 

(d) Drive tank slowly three to five minutes. 

(e) Drain out flushing oil. 

(f) Wipe off drain plugs and install plugs and drain hole covej 

(4) Refill transmission differential and final drives with oi 
engine, grade specified in Table of Capacities. 

(a) Fill through transmission filler neck with quantity specif!) 
in the Table of Capacities. 

(b) Operate tank three minutes and recheck oil level in tratj 
mission. 

(c) Add oil, if necessary, to bring level up to full mark. 

b. Transmission, differential, and final drives, with three-piefl 
differential housing and final drives in separate housings. 

(1) Check oil level weekly (see a (1), preceding) . 

(2) Drain oil at end of first 250 miles and every 3000 miles thei 
after. Drain immediately after tank has been operated.) 

(a) Remove transmission drain hole cover under hull floor. 

(b) Remove transmission drain plug and differential housin, 
drain plug. 

(c) Remove drain plug from each final drive housing. 

(d) Wipe off all magnetic drain plugs and install after units hav 
drained dry. 

(3) Flush out gear cases (see a (3), preceding) . 

(4) Refill transmission, differential, and final drive housing, wi<| 
OIL, engine, grade specified in Table of Capacities. 
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I i '.mission ;md differential through transmission filler 

reified in Table of Capacities. 

i level | 'lug from each final drive housing, fill to within 
ni install plugs. 

Lank three minutes and recheck oil level in trans- 

i n 

H i f necessary to bring level up to full mark. 

iinslei .near case. 

I every 500 miles or 50 hours. 
ill., plug (see fig. 21) and add OIL, engine, SAE 30, 

I if fill every six months, or at clutch overhaul. 

| i . i. nitable container under drain plugs, both sides, and 

i i i,. 

mm I lias drained dry, install drain plugs, 
ive filler plug and fill with OIL, engine, SAE 30, to over- 

I 

i. |»ilo( hearings. At time of disassembly of clutch for in- 
leplaeement, or overhaul, clean and repack clutch pilot 
i Hi i ; UKASE, ball and roller bearing. 

' • \ .il 

>ii i iel ..ill center stud of clutch pilot bearing puller tool J-1914 
I nsert fingers of tool through bearing. Expand fingers 
in i race by turning center stud. 

M'li frame of puller against flywheel. Turn down nut 
in: center stud from turning, to pull bearing. 

I. mi and pack. 

• I i u .i 1 1 hearing thoroughly in clean fuel oil and blow dry. In- 
i m i . ; i for corrosion or rough spots on balls or races. Replace 
it ing if in doubt. 

i n Highly pack balls with GREASE, ball and roller bearing. 
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Also pack bore in crankshaft approximately half full of GREASeI 
ball and roller bearing. 

e. Install pilot bearings. 

(1) Start bearing square into bore of flywheel by hand. 

(2) Place clutch pilot bearing driver, J-1910, or other suitablj 
tool, so it contacts only the outer race of the bearing, and drive bear 
ing in flush with the outer face of flywheel. 

NOTE 9. 

Fuel filters. (Primary fuel filters at extreme ends of filter pan J 
(fig. 30), secondary fuel filters on side of engine at flywheel end). 

a. Drain primary and secondary fuel filters (see fig. 27) daily. 

(1) Open drain cocks on filters for one engine only. 

(2) After units have drained dry, close drain cocks. 

(3) Start engines and run until even fuel flow has been restored, 

(4) Stop engines and repeat operations (1), (2) and (3) foj 
filters for other engine. 

b. Clean primary fuel filter element every 1000 miles or 100 hours. 

(1) Turn fuel tank selector valve (fig. 83) to off position. 

(2) Back out retainer bolt at top of filter and remove bowl an 
element. 

(3) Thoroughly wash disks in Diesel fuel. Do not scrape, or usi 
stiff brush. 

(4) Wash out bowl and fill with clean Diesel fuel. 

(5) Reassemble, using new element gasket and bowl gasket. 

(6) Turn fuel selector valve to on position, start engine, anj 
check for leaks. 

(7) Repeat operations (1) through (6) for other primary fuel 
filter. 

c. Replace secondary fuel filter element every 5000 miles or 500 
hours. 

(1) Turn fuel selector valve to off position. 
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I i I n « icw nut at bottom of bowl. Drop bowl. 

I I ii Heard filter element and clean inside of bowl. 

i 1 1 IriNtall new filter element and reassemble, using new gaskets 
• d| collector tube and at top and bottom of filter element. 

I lioosrn filter outlet connection, turn fuel tank selector valve 
nn |M»,.il ion, lock out clutch, and run other engine to fill filter bowl 
i hi.l is forced out at loose connection. 

1 - I ighten connection, start engine, and check for leaks. 

• . i When engine runs smoothly, replace filter element on other 

HI 10. 

i n I vernal joints and slip joint (figs. 97 and 98). Every 1000 
lubricate propeller shaft universal joints and slip joint. 

U) Remove propeller shaft housing front cover. 

i i With pressure gun, apply GREASE, general purpose, seasonal 
to universal joint fitting (see fig. 97) until it overflows the 
i \ ilve. 

| i Itemove propeller shaft slip joint plug (see fig. 97) and 
.. with lubrication fitting. 

M) Apply GREASE, general purpose, seasonal grade, until it 
nl ipline end. 

i Itemove lubrication fitting and install plug. 

Mil Install propeller shaft housing cover. 

i.i I i \ < -r.se turret so that rear propeller shaft housing cover can 
«• moved through turret platform hatch door. 

| i I :•• lease catches, remove bolts, and remove cover. 

i • 1 1 A ppjy GREASE, general purpose, seasonal grade, to propeller 
I rt'Jir universal joint (see fig. 97) until grease overflows relief 

(|0) See Note 11 for lubrication of clutch selector lever shaft, 
h can best be performed at this time. 

Mil Install propeller shaft housing rear cover. 
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Clutch selector lever shaft (see %, 92). Every 1000 miles, lubj 
Gate clutch selector lever shaft. (This operation can best be peri 
formed at the same time the rear propeller shaft universal joint ij 
lubricated.) 

(1) Raise turret platform hatch door. 

(2) Rotate turret to reach fitting through hole in left side ol 
propeller shaft housing, at rear of battery box. 

(3) With pressure gun, apply GREASE, general purpose, seasonal 
grade, three or four shots. 

NOTE 12. 

Hydraulic oil tank (see fig. 138). The hydraulic oil tank for thj 
Oilgear traversing mechanism is mounted at the side of the turret] 
electric motor. It has a capacity of four quarts. 

a. Check oil level every 250 miles. 

(1) Oil tank should be kept two-thirds full, as indicated on glass] 
level gage. 

b* Fill oil tank. 

(1) Remove filler cap at top of oil reservoir. 

(2) Add OIL, hydraulic, Univis 47, until two-thirds full, and 
install cap. 

e. Remove air from system. 

(1) Fill oil tank to proper level. 

(2) Run motor slowly by snapping switch on and off until svstem 
is filled, 

(3) With motor running, slowly turn operating handle first in 
one direction, then the other. 

(4) Further operate traversing mechanism until movement is 
steady and all air is out of the system. 

(5) Add OIL, hydraulic, if necessary, to maintain level. 
NOTE 13. 

Auxiliary generator (figs. 143 and 144). The two-cycle air-cooled 
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• ngine which drives the auxiliary generator, mounted on 
I'M iponaoD floor at the rear, is lubricated by OIL, engine, 
I wil.li the gasoline. 

,11 fuel tank. 

i I \ lUise tank filler cap cover on outside of tank upper deck at 
in rttm wide of turret and remove filler cap. 

i Mix thoroughly % pint OIL, engine, SAE 30, with each 
ii of gasoline before pouring mixture into fuel tank, which 
i i - ■ quarts. 

Ii • hui fuel strainer. 

* I i < !|oHe fuel shut-off valve. 

i i Kcinove strainer bowl (see fig. 144) and strainer. 

W.i Ii out and blow off strainer. 
il) Clean out bowl, install strainer and bowl, then open fuel 

• I ubricate magneto cam follower felt every 200 hours. 

1 1 ) Knise clips and remove magneto shield. 

■ Willi oil can, apply one or two drops of OIL, engine, seasonal 
. - I- 1- i" cam follower oil wick. Do not over-lubricate. 

i 'i Install magneto shield. 

"IK II. 

oil cnn points. Every 250 miles, lubricate door and shield hinges, 

i vision slot doors, pistol port covers, escape hatch lever and 

iloor latches, lever bushings, control rod pins, clevises, clutch 

• ■ i throttle pedals, and control shaft bearings gearshift lever links 

i -iii::; hull drain valves and controls; steering brake levers, 

lot 1 1 and links; seat supports, control levers, and pins; machine 

|UI1 mount ball sockets, periscope holder pivots, races, and cover 

hliiiptft, and other working parts not specifically covered in the 

i ulirlnition Guide, with OIL, engine, SAE 30. 

I E 1 5. 

I'olnta to be lubricated when engine is removed for inspection or 
. ■ i haul. 
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a. Starter motor. 

(1) Remove oiler plug from flywheel housing and fill hinged-cap] 
oiler with OIL, engine, SAE 30. Replace plug. 

(2) Lubricate at each end of starter motor housing at oiler car. 
with OIL, engine, SAE SO. 

(3) CAUTION : Never oil commutator or brushes. 

b. Clutch shifter shaft bearings. 

(1) At overhaul, remove bearings and clean in Diesel fuel. 

(2) Pack bearings with GREASE, general purpose, No. 1, and 
install bearings and seals. 

(3) Install shifter shaft, and pack grease channels full before! 
installing grease channel pipe plug, which will force additional! 
grease into bearings. 

NOTE 16. 

Points requiring no lubrication service. Water pumps, clutch 
pilot bearings, fan drives, bogie wheel suspension linkage and slides 
{rubbing plates, fig. 113), final drive sprocket hub bearings, hy- 
draulic traversing pump, and turret electrical motor bearings. 

27. REPORTS AND RECORDS. 

a. Reports. If lubrication instructions are closely followed, proper 
lubricants are used, and satisfactory results are not obtained, a 
report will be made to the ordnance officer responsible for the main- 
tenance of the materiel. 

b. Records. A complete record of lubrication servicing will be 
kept in the Motor Book for the materiel. 
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CARE AND PRESERVATION 

Paragraph 

• i Hi I . . . • 28 

I I .. ...„• 29 

iiii i -exposure to gas 30 

UKCORDS. 

n 1 1 He. An accurate record of each motor vehicle issued by the 

l n<T Department must be kept in the Ordnance Motor Book 

Korm No. 7255), generally called Log Book, which is issued with, 

iiuihI always accompany, the vehicle. The Motor Book, kept up 

»• .Inir. forms a complete record that provides valuable information 

|i ration and maintenance costs, replacements, etc., and organiza- 

ii ■mumanders must require that entries be made correctly and 

|.I ly. The Motor Book is to be kept in a canvas cover to prevent 
• In I damaged or soiled. 

Ii Combat zone precautions. Before a vehicle enters the combat 
i In- Motor Book page bearing a record of assignment must be 
■ \ ■••ii, and all other posted references to the identity of the organ- 

i must be erased or removed. 

' i'LKANING. 

n Grit, d irt, and mud are the chief sources of wear to a motor vehicle. 

II ih'posits of dirt and grit are allowed to accumulate, particles will 
IWmI I heir way to bearing surfaces, causing abnormal wear and, if the 

■ iii M.n is not promptly remedied, resulting in serious damage. 

i. Whenever parts or units are to be removed in making repairs or 

■ i i . Hints, and whenever working joints or bearing surfaces are to 

i.. nx posed for inspection, painstaking care must be used to protect 

i .m| surfaces. Grit and dirt that might find its way to the exposed 

..I i .... must first be removed. Tools must be clean. The possibility 

i brushing dirt or grit into the opening with the sleeve or other part 

I i i. clothing must be eliminated. 

• To cut oil-soaked dirt and grit, hardened grit, or road oil, use 

I \ KNT, dry cleaning, applied with cloths (not waste) or brushes. 

i should be kept from power plants and electrical installations, 

lijmg it is likely to interfere with their operation. Clogged oil holes 
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should be opened with wire (never with wood, which might break J 
splinter and permanently clog the passages). 

d. Detailed information on cleaning is included in TM 9-850. 
30. CARE AFTER EXPOSURE TO GAS. 

Vehicles that have been exposed to gas require special cleaning and 
decontaminating treatment, described in Section IX, Decontamination. 
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TOOLS AND EQUIPMENT FOR USING ARMS 

Paragraph 

. i m . ; ill and spare parts lists 31 

1 1 1 unent 32 

i. mi KOIHPMENT AND SPARE PARTS LISTS. 

I ! V' Medium Tank carries a set of pioneer tools, most of 

■ i «n red to the outside of the hull by brackets and straps; 

-i • i « l lank repair tools, carried inside the tank; and special 
il rarried inside the tank, for gas decontamination and 
also special sighting and fire control equipment for use 
• in m. and sub-caliber guns. 

ti I In < lists are prepared from data available at time of publica- 

i . i ■ in i in I list, see On Vehicle Materiel List issued by Office of 

ii i<ui ' In. I of Ordnance and furnished with each vehicle. Lists of 

ninl I'lasses of tools and equipment, with number per tank, are 

• 1 1 unci accessories carried outside the tank. Quantity 

I EN MA, radio, for regular use 1 

I - I topping, single bits, 5 lb.) 1 

i VBLE, lowing 1 

■iWHAR, 5ft. long... 1 

(UtOUSER (when track D48076 or D48067 is used). ... 26 

1 1 \ N DLE, mattock 1 

MATTOCK, pick Ml (without handle) 1 

I I . .-amouflage, 45 ft. x 45 ft 1 

i -vi U .( rCK, VA in -> 2 ke y s 1 

: .Mi r\ El ., -short handled 1 

ILK I H : E, blacksmith, double face, 10-lb 1 

I UiPAULIN, 12 ft. x 12 ft 1 

ENCH, track adjusting 1 

!•• ■ i ill repair tools, tank set. Quantity 

\ I lAPTER, button head to bayonet type 1 

I I 'TER, button head to hydraulic type, fitting 1 

I ^TENSION, handy grip, J^ in. sq. drive, 5 in. long. . . 1 

i'KNSION, l A in. sq. drive, 10 in. long ........ 1 
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Special repair tools, tank set (continued) 

FIXTURE, track connecting 

GUN, grease, hand, type 1 (pressure) . 
HAMMER, machinist, ball peen, 2 lb. 



Quan 



HANDLE, flexible, y 2 in. sq. drive, 12 in. long (with 
cross bar) 

HOSE, lubricating, heavy duty, 15 in. (button head fit- 
ting) 

PLIERS, combination, slip joint, 8 in 

PLIERS, side cutting, 8 in ' . ' 

RATCHET, reversible, y 2 in. sq. drive, 9 in 

SCREWDRIVER, machinist, 5 in. blade 

SCREWDRIVER, special purpose, 1% in. blade 

SCREWDRIVER, special purpose, l]/ 2 in. blade 

SOCKET HEAD, y 2 in. sq. drive, % in. sq.. 

SOCKET HEAD, y 2 in. sq. drive, % in. hex 

SOCKET HEAD, y in. sq. drive, y 2 in. hex. . 

SOCKET HEAD, y in. sq. drive, % in. hex., 

SOCKET HEAD, y 2 in. sq. drive, % in. hex,. . 

SOCKET HEAD, y 2 in. sq. drive, % in. hex,. . 

SOCKET HEAD, y 2 in. sq. drive, % in. hex 

SOCKET HEAD, V 2 in. sq. drive, % in. hex. 

SOCKET HEAD, y 2 in. sq. drive, 1 in. hex.. . . 

SOCKET HEAD, y 2 in. sq. drive, ltfe in. hex. 

SOCKET HEAD, y 2 in. sq. drive, V/ s in. hex. 

SOCKET HEAD, % in. sq. drive, \y 2 in. hex.. . ..... 

SPEEDER, y 2 in. sq. drive, 17 in. long 

TAPE, adhesive, 4 in. wide x Zy O.D., 15 yards long. 

TAPE, friction % in. wide, 30 ft, roll ..... 

TEE, combination, y in. sq. drive, 11 in. long 

TEE, combination, % in. sq. drive, 17 in. long 

UNIVERSAL JOINT, y 2 in. sq. drive 

WRENCH, adjustable, single end, 8 in. long 

WRENCH, adjustable, single end, 12 in. long 

WRENCH, engineers, double head, alloy steel, 

% in. x % in , 

WRENCH, engineers, double head, alloy steel, 

% in. x % in 

WRENCH, engineers, double head, alloy steel, 



?i 6 in. x % in. 
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IooIh, lank set (continued) 

■II. iMitfiiieers, double head, alloy steel, 

In i i in. 

• i i II riiKineers, double head, alloy steel, 

in k ' h in 

'i ill, I'ntfineers, double head, alloy steel, 

m i I m ■ 

I I ' II plug, '^6 in. hex. (for transmission and oil 

II |>lny.i • 

1(1 ill. plug, % in. hex. (differential filler and drain 



Quantity 

1 
1 
1 
1 



I 



1 

i - II. safety screw, Mi in. hex 1 

i II, safety screw, y in- hex, 1 

II, safety screw, % in* hex. • ■ 1 

II, iifcly screw, M in. hex. 1 

1 1 , safety screw, % in. hex. 1 

i I'll, safety screw, % in. hex. 1 

I < H , safety screw, % in. hex 1 
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i n mamcnt repair tools carried in tank. Quantity 

I> in tools for cal. .30 machine gun. 

in 0,1 ,, tool (without contents) 1 

i i v, I >i; I VER, combination, Ml. 2 

ii i 1 1 , combination, M6 2 

\\ II I ;; i< II, socket, front barrel bearing plug 1 

. .1 i rpnir tools for cal. .50 machine gun. 

i i .< II, combination, M2 1 

I ..pair tools for 75 mm. gun. Quantity 

- HIHIOU cold, 3 4in 1 

I l|{ I IT. brass, taper, V^ in. point, 4 in. long 1 

nil IT, brass, taper, y in. point, 6 in. long 1 

i I'KIMSION, oil gun ... 1 

I i I I :< >l ,T, breechblock removing 1 

I 1 1 .1 :, hand, smooth, 8 in. 1 

i 1 1 I •:. '• in. sq.j smooth, 6 in 1 

« ,i ■•;, recoil oil , 1 

I I \ M M ER, machinists, ball peen, 20 oz.. 1 

PI MCH, drive pin, % in. point, 4 in. long 1 
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Special repair tools for 75 mm gun. (continued) 
PUNCH, drift, M in. point, 10 in. long 

ROD, push (for shaft B163351) 

ROLL, too] r M4 (w/o contents) ......... 

TOOL, assembling, firing pin retainer. 
TOOL, breechblock removing. 

wp^o adj - screw ' knife handle - i2 in - Jong. ; .' ; . ; 

WRENCH, engineers, double head, \y A in, x 1U in tf 

closing spring piston rod nut) 

WRENCH, firing plunger retainer. 



Quail 



(4) Equipment and accessories. 



Quanl|| 

imSI^ 10 ' 1 th cover ' for spare use ' 

AFFAKATUS, decontaminating, \y 2 qt ., Mil . 

BAG, eanvas, field, O. D., M1936 

BAG (for arm spotlight C100212) 

BELT, safety.. ' 

BOOK, O.O. Form 7255 .'.'.' ........ 

BUCKET, canvas, folding, w/spout, 8 qt. 
CAN y A ga] . ("OIL, traverse and stabilizer," in black 
letters on can) 

™paL N, , M191 °' w ith cup and cover MX910.'.; 
COMPASS (in turret or hull) 

! S T A ^' CS " 90 ' ! F LAG, MC^273 (red) 

1 * LAG, MC-274 (orange), 1 FLAG, MC-i 

3 FLAGSTAFFS, MC-270 

FLASHLIGHT 

GOGGLES, aviation type, Model C 

GUIDE, lubrication (check-chart) ..'... 

HELMET, tank, sizes 7, iy H , 714 7*4 73% 

HOOD, hatch, driver's. . . A ' A " \ 

KIT, first-aid (24 unit) 

LAMP BULB, inspection..... 
LAMP, inspection 

Vrn^l' blackout drivin S (^r left front only) 
■L1UH I , recognition, signal 



-275 (green) 



TM 9-73 IB 
H31 



TOOLS AND EQUIPMENT FOR USING ARMS 



ity 



I|mI| hi mid accessories (continued) Quant 

i \l .. liHd, for cal. .30, M. G. M1919A4 FM23-50. 
i ' \ I .. Field, for cal. .45, S.M.G. M1928A1 FM23-40 

UAL, field, for cal. .50, M. G. M2 FM23-65 

i \ I ., field, for hand grenades FM23-30 

| HAL, technical, for 75 mm. gun, M3TM9-307 

• i \ I „ technical, for operator, TM 9-758 

Ill i I . : >, asbestos, prs 

"ii i ,i I Inivis No. 47 (in can B101420) 

■'"Ill n • in- type, 1 pt.) 

\ I 111 ) SET, SCR-506, for command tanks only 

M Hi > SET, either SCR-508, SCR-528, or SCR-538. . . 

• NUNS 

I \ | ii- V 2 day rations for 5 men, cans 60 

|*y|Ki I) 1 day rations for 5 men, cans 2 

• i in; \ TOR, dust, M3 5 

I I i i blanket 5 

i "\ K, cooking, gasoline M1941 1 

I "I I MAN MILITARY BURNER 

ti (20 w accessory cups 8J/£ in. high, 4>f 6 in. diam. 

I I Hi:, flexible, nozzle. 2 

Mil Mini vision equipment. Quantity 

hi \l>, periscope, M4 and M6, for spare use 15 

i i i ' i "i i ) PE, M4 (w/TELESCOPE, M38) , 1 

n ii < ( 1 1 '10, M4 (w/TELESCOPE, M38) for spare use 1 

i i i i l< OPE, M6 6 

i l II I. < 'OPE, M6, for spare use 4 

ill. bore, for 75 mm. gun, M3 1 

PA KG NT, testing 6 

m>i nl equipment. 

i I 01 ULAR, M3 complete 1 

I \\ IN OCULAR, M3 
I < ASK, carrying 
I BTRAP, neck 

carrying, gunner's quadrant, Ml 1 

\ I) KANT, gunner's, Ml , 1 

v \Ti "II, wrist, commander's, complete. 1 

I WATCH, wrist, 6 or more jewels 
I WRISTLET, watch 
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(7) Spare tank parts carried in tank. Qual 

BLOCK, track, shoelink (furnish block in accordance with 

track being used) 

CONNECTION, track, shoe-end , ' 

LAMP, bulb, 3 CP 24-28V , 

NUT, safety, «>g-18NF-3 

PIN, locking (for tow shackle pin) 

PIN, cotter, l Ax2 l /i (for tow shackle pin) . 

WEDGE, track shoe-end connection 

32. USE OF SPECIAL EQUIPMENT. 
a. Fixed fire extinguisher system. 

(1) To extinguish fires in and around the engines, a fixed type 
extinguisher system is provided for the engine compartment. The i_ 
tern consists of two ten-pound carbon dioxide cylinders companl] 
mounted in special brackets on the left side of the tank hull to the [ 
of the battery box, and connected directly to discharge nozzles in i 
upper and lower parts of the engine compartment. When turned 
carbon dioxide gas is forced into the engine compartment in clou] 
smothering the fire. CAUTION: If possible, stop engines in case of I 

(2) The fire extinguisher cylinders are operated by either outsidoj 
inside handles, or pulls. The outside handles (fig. 26) are undernei 
the rear overhang of the turret on the left side of the tank, forward] 
the water and lubricating oil filler pipe covers. The inside handles \ 
mounted on a bracket attached to the hull roof, to the left rear of 
driver. Cylinders are accessible for servicing through the hatch in 
turret platform. 

(3) To operate, pull handles all the way out and let go. After 
replace discharged cylinders with fully charged extinguishers. 

(4) CAUTION: Great care must be exercised in handling cylindfl 
containing carbon dioxide under high pressure. Do not drop, strij 
or handle roughly. Keep cylinders away from excess heat. 

(5) Every four months, or oftener, weigh each fire extinguish 
cylinder. If extinguisher (fixed type) weighs less than %y 2 poun^ 
replace it with a fully charged cylinder. 

b. Removal of fixed fire extinguishers. 
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REMOTE 
CONTROLS 



CHECK VALVE 



CYLINDERS 



RA PD 36320 



Figure 20 — Fixed Fire Extinguisher and Controls 
nnect control heads from cylinder valve by backing off 

I .Ml 

i i| i- control heads clear of cylinder valves, supporting the heads 
I uhing in approximately normal position by wiring them to 
I'dirnitor support. 

I ., connect cylinder connecting tube from each extinguisher valve 
I \ NT I ON: Never remove cylinders with connecting tube 
I in cylinder outlet valves. 
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(4) Loosen bolts and remove cylinder clamps. 

(5) Lift cylinders out carefully, 
c Installing fixed fire extinguishers. 

(1) With control head removed from rvlinri«. 

ing cam. om c y Jln der, remove cover, cd 

(2) Check cable damn set scm«;t + n ** n -> 

cable will not pull ou^of k™ tJ * ■ i ^^ damp is ^ h l 

screwdriver (^ inch nose) th.Twin f u^" Set SCr€Ws > u * e a »N 
i/8 men nose; that will follow screw into hole. 

(3) Reset remote control han^i« k„ ■ 

shaft and turning ««»££££* %%&*» " 1 
ta-d up. Rep,ac e pun-out pin and seal wire fne^^ arr ° W | 

turned as required to connect ronL.T 8 ? to P ermit cyBndem (J 
in-ned, cylinder ^,^^^5^ E: J 
(6) Connect discharge (or connecting) tub e to v a ,ve outlet 

* sisasKwata; **-. Make „*. ..j 

nare nut securely. P ' th a "" 0W) before installation. TigJ 

(8) Tighten cylinder clamps. 
d. Portable Are extinguishers. 

basket at the loaderVsttio'n ^ ^ ^ ° ne in the J 

and press the trigger Rate of d^hn T" at the hose <*>™*tij 

of the trigger. K fitfSiSK f*™^ by the P ° sif - ! 
close as possible to thefamp t f* flame ' with the co ™ < 

extinguisher as the fij Zi^T^ H" "** ° f diacha W from J 
one fully charged diminishe *- After use, replace cylinder wij 
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mi months, or oftener, weigh each cylinder. If the ex- 
1 ihle type) weighs less than 3^ pounds, replace it with 
iiiguisher. 

1 - ItiNpeclions. The fire extinguishing system requires no 

i din H \ care to insure its proper operation. As the system 

• isr, it must be kept in operating condition at all times; 

i i«'Mi inspection should be made to insure that apparatus 

i nil trap on safety outlet of valve. If not intact, cylinder 

ii i i \ discharged and must be recharged immediately. 

I ions will be performed: 

■■• i idler 250 miles. Inspect entire system for any mechan- 
ic ,' ike certain that shielded nozzles are free of foreign 

i-'iinii every 30 days. Weigh cylinders to determine the 
1 1 n Lent. Do not attempt to determine content by means 
«»■< Empty weight and carbon dioxide charge are stamped 
• body. Proceed as follows: 

e cylinders. 

n I' !■) I i riders and subtract from this weight the empty weight 

1 1 hmI on the valve body. Empty weight includes cylinder 

i \ lindcr, but does not include the control head. If the result- 

lil of cither cylinder is less than nine pounds, cylinder must 

h m i 1 1 i" lis full rated capacity of ten pounds. 

IkiI Ii control heads are disassembled from cylinders, remove 

- me the cam. Check cable clamp set screws to make 

' 'i cable does not pull out of clamp. After replacing cover, 

ilc control handle to make certain that cable does not bind. 

I<' control head should rotate, and the pin should advance. 

' 1 1. i ill cylinders. 
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Unusual conditions . 
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33. UNUSUAL CONDITIONS. 

a. Cold weather operation. 

(1) NOTE: For Centigrade equivalents of the Fahrenheit tempen 
tures given m this section, see table paragraph f (2), following. 

(2) The operation and maintenance of automotive vehicles at lol 
temperatures involve factors which do not exist at normal temperatur J 
and operators and maintenance personnel must spend more time 1 
protective maintenance. Failure to give this extra service will result 
actual damage, unnecessary and unwarranted expense, and failure 
start. 

(3) Low temperatures have been divided into two ranges, mil 
10 K. to minus 20 F., and below minus 30 F. Engines and lubrican 
undergo changes m their physical properties below minus 30 F 1|L 
many cases, accessory equipment for supplying heat to batteries, em 
gines, fuel, oil, and intake air will be required. 

b. Diesel fuel. 

(1) Diesel fuel procured under U. S. Army Specification 2-1021 
shall be used. 

(2) In an emergency, if it is necessary to procure a commercial fua 
oil, care must be taken to verify that the pour point is 10 degree 
lower than the lowest temperature anticipated; otherwise the fu 
will not flow at this temperature. 

(3) At temperatures below zero, if fuel does not flow freely dilul 
with kerosene as necessary. 

(4) Water in the fuel will form ice crystals, which will interfere witlj 
the flow. Take every precaution to prevent water from getting into th 

(5) Insofar as possible, always keep the fuel tank full. This vJ 
reduce condensation of water from the free air space above the fuel. 

c. Engine lubrication. 
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I I iir lubrication at temperatures above minus 10 F. is covered 
i i-li :'.ii, Lubrication Instructions. The following instructions 
I « " u pplement this information and apply only to instances 
| i hi temperature falls below minus 10 F. for long periods. 

i 1 1 methods of keeping engine oil sufficiently fluid for proper 
i ii lemperatures below minus 10 F. are listed below. Pref- 
lliould be given to the different methods in the order listed, 
• i' (<> I he facilities available. 

I U hon rngine is stopped, drain engine lubricating oil from tanks 

i ni i . . i * while it is hot and store in a warm place until vehicle is to 

I iigain. Tag the vehicle in a conspicuous place in the driving 

m ni in warn personnel that crankcases are empty. If warm 

m>t available, heat the oil before refilling lubrication system. 
• i heating the oil; heat only to the point where the bare hand 
1.1 in .iin I without burning.) 

|)h II Hie vehicle is to be kept outdoors and if the oil cannot be 
Illicit, rover the engines with a tarpaulin. About three hours before 
^H| lire to be started, place fire pots under the tarpaulin- The van 
• primus type, or other type blowtorch may be used. 

hi Dilute the engine lubricating oil. (Oil may be diluted with Diesel 
nlv ) 

Pho following table shows the quantities of diluent to be added 
Mil engine oils prescribed in the Lubrication Guide (see par. 26) for 
I minus 10 F. These quantities of diluent will form mixtures for 
h i "iv starting at the temperatures indicated. 



DioKcl Kuel 



-10 F. to -30 F. 



14, Qt. to each 3J^ qt. 
of engine oil 



Below -30 F. 



1 qt. to each 4 qt. of 
engine oil 



When engine oils are first diluted turn the engine over several 

h» mix lubricating oil and diluent thoroughly. Diluent should be 

i i. I when engine is hot or mixed with oil before filling. 

1 1 1 The presence of a large percentage of light diluent will increase 

ii iiniption, and for this reason, the oil level should be checked 

nt.ly. 
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d. Transmission, differential, and final drives 

m B v°\?T 15 F - d , ilUte thG lubricants Prescribed for use at mint,, 
10 b. with 10 percent kerosene or gasoline, or 15 percent Diesel fj 
If circumstances preclude dilution of the lubricants, heat the gear r , I 
with a blowtorch. Play the torch lightly over the entire gear ca - 
do not concentrate the heat in one spot. 

e. Chassis lubricants. 

(1) Chassis lubricants prescribed for use at minus 10 F. will furnij 
satisfactory lubrication at temperatures as low as minus 30 F 1 

prpTop temper ? tl f es bel ™ ™"us 30 F, greases comparable J 
UK^Abi^, special, low temperature, or GREASE, O. D No on 
should be used. 

(2) Greases normally used cannot be applied at temperatures beloj 
zero F. except in heated buildings. In an emergency, when heatJ 
buildings are not available, use oil, and inspect and lubricate frequently! 

f- Protection of cooling systems. 

(1) High boiling point permanent antifreeze solutions should be used 
since each engine ,s equipped with a high-point thermostat that begil 
to open at 158 F. (70 C.) and is fully open at 185 F. (85 C ) Alcohol 

C f n iv°^ e ^ SUCCeSSfU,,y Wi<h this tfaerm °stat, because alcohol boil, 
at Lio r . ( / 5 C). 

(2) GLYCOL, ethylene (Prestone), is prescribed for use as an anli- 
freeze solution. If GLYCOL, ethylene, is not obtainable, other mat3 
rials may be used. The following table lists the quantity of Prestone or 
G.P.A. radiator glycerine to be added to prevent freezing at the in J 
cated temperatures: 







10 P, (-12 C). 
OF. (-18 C). 
-10 F. (-24 C.). 
-20 F. (-30 C.). 
-30 P. (-35 C). 
-40 F. (-41 C). 
-50 F. (-47 C). 
-60 F. (-53 C). 
-70 F. (-59 C). 



Pints 

Ethylene Glycol 

(Prestone) 

Per Gallon of 

System Capacity 



2 

2y 2 

3 

4 
ii 



Pints, "G.P.A. 

Radiator 

Glycerine 

Per Gallon of 

jSystem Capacity 



3 

3 



a 



5 
5 



♦Glycerine Products Association 



4 
5 
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\ I " n ON : Do not mix antifreeze solutions. 

following precautions should be taken before putting in the 
i 1 1 In lion: 

i u*li rooling system thoroughly. The radiators and cylinder 
•i i lil he flushed separately in order not to transfer any residue 
u. h> The other. 

i f'lii.K the systems for leaks; tighten the hose connections and 

. ii invcssary. 

i PION: It is important that water and the antifreeze solu- 
| Im iIm. roughly mixed before they are poured into the cooling sys- 
l If I hey are poured in separately, the water may freeze before the 
i 1 1 opens and the solution becomes thoroughly mixed, 

i Mr sure that the water thermostats are functioning properly. 

Ii I In irieal systems. 

i (•merator and starter. Check the brushes, commutators, and 
:<<■ that the commutators are clean. The large surges of 
- I v Inch occur in starting the cold engines require good contact 
'.'ii brushes and commutators. 

(VI ring. Check and clean all connections, especially battery 
( '.ire should be taken that there are no short circuits. 

Hull cries. The efficiency of batteries decreases sharply with 

ir temperatures, and becomes practically zero at minus 40 F. 

try lo start engine with the battery when it has been exposed 

iiijH'ratures below minus 30 F. without first warming up battery 
. * in mi ik the auxiliary generator. Keep auxiliary generator in opera- 

Ill both engines are running smoothly. See that the battery is 

iftVH 1 1 illy charged, with hydrometer reading between 1.275 and 

I MHI A fully-charged battery will not freeze at temperatures likely to 

unit cred even in Arctic climates, but a fully-discharged battery 

II fn i' at 5F. 

ili Niw(ing. Before every start, remove any ice from wiring or 
i di'drical equipment. 

> larting and operation. 

I I I I n temperatures below 40 F. it is necessary to preheat the ingoing 
Ii up- of the Diesel engines in the M4A2 tank (see par. 8 b, Cold 

W ■ fillicr Starting) to facilitate starting. 
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(2) An additional heating measure for Diesel engines is to direct J 
blowtorch against the air intake manifold. Heated air is one of llJ 
greatest aids m starting Diesel engines. Air heaters (see par. 8 bj 
should be used, and pumping action continued for a short period aftd 
engines start to make sure all cylinders are firing. 

(3) Temperatures from - 10 F. to —30 F. 

( fu fT* t0 attem P tin ^ t0 start . s «* that everything is in reading 
so that the engine will start on the first cranking. Have one engid 
running smoothly before attempting to start the other engine. 

(b l, Wh A e n crankin S' the en « ine ™st be turned over as rapidly J 
possible. All engines have a critical cranking speed; they must be turnd 
over at a certain speed before any firing is possible. For General Motom 
Diesel engines in good mechanical condition, this critical speed mad 
vary irom 80 to 120 revolutions per minute. Below this speed too mud, 
heat is lost through the cylinder walls and engines will not fire. 

(c) After the engines have started; run at 8004000 revolutions «><* 
minute until they have warmed up to 160-180 F. 

(4) Temperatures below - 30 F. 

(a) Cover engines with tarpaulin, tent, or portable shed. Place oil 
stoves or fire pots under the covering about three hours prior to timo 
a start is to be made. 

(b) Keep the vehicles in sheltered areas shielded from wind. Cold 
winds increase starting difficulties. 

(c) It is possible for ice to collect in the fuel lines. If the engine does! 

ZlwTl k° gettin f f n ° Ugh fUGl ' heat the fueI lines *«* "Iter, ' 
lightly, but be very careful of fire. 

(5) Keep engines in the best mechanical condition, 
wfth Wat6r PUmP Sh ° uld be Serviced prior t0 the advent of co,d 
(b) Dilute oil in air cleaners, if necessary, so it will pour freely. 

rt. (6 ^. Stop P in ^ Increase engine speed momentarily before moving hand 
throttles mto no fuel position. As the engine coasts to a stop, it will 

vlnl°, / 6 F f SldUal Pr ° dllCtS ° f comb ^ion, including water 
vapor, and leave only air in the engine. 
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• • ii m rather accessories. 

i In- following materiel is at the discretion of officers in 
• 

i irjmulins, tents, or collapsible sheds are useful as covers, 
i i ii. pots, Primus type, or Van Prag blowtorches, ordinary blow- 

H <nl Ktoves, can be used for heating vehicles. 
. I Km batteries and facilities for changing batteries quickly are 
mm ii* ii 
lit NIh-I drums and suitable metal stands are useful for heating 

I 

| I Im.I 1. 1 1 or covers or engine compartment door covers can be 
■ «i locally, and help to keep the engine running at normal 

MICH. 

i llllin unusual conditions. 

o'I'K: M edium Tank M4A2 is built and equipped for operation 
i in I extremes of temperature, and over varied terrain. There 
i...n. ,«i, important precautions which the operating crew and 
hit personnel should observe, with respect to lubrication and 
| m| Hi.- rngine, power train, and other components of the vehicle. 
Operation under warm temperatures. 
i ike sure that the cooling system is functioning efficiently. 
I Wul eh I emperature gages. 

. i Section XVI, Cooling System. 
. ih,'h altitude. The power plant is adequate to meet performance 
nts for high altitudes. However, the same precautions as for 
i .|>crature operation should be observed, 
i ,..hI. Desert operation and operation under other extremely 
mud conditions may necessitate cleaning the air cleaners as 
very four to eight hours (par. 64). 

Hllppcry terrain. 

When operating the tank (with rubber tracks) in mountainous 

mi in mud, or over ice and snow, where sufficient traction is not 

ii. possible, grousers are provided, which should be installed as 

I.imI in paragraph 115. NOTE: Grousers are not necessary with 

I 1 1 neks. 

• tracks and bogies should be periodically cleaned of mud, snow, 
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Protection and decontamination 

34. PROTECTION AND DECONTAMINATION. 

a. Protective measures. 

taken SftX? " ln " nrtant dan *<* <* S*s attack, unpain J 
taken that the oil does not touch the optical parts of instrun,..,,! 
are included among the items to be protected by o I frl ehe J 

t£Z t r^ f e " S ' but amm "-tion is excluded. (£re wflll 
taken that the o.l does not touch the optical parts of instrum ,3 
or leather or canvas fittings. Materiel not in use wil foe ZZ J 

SS 8 as far as possible - Ammunition -» * >»* K3J 

(2) Ordinary fabrics offer practically no protection arainsf ml 
tard gas o r lewisite. Rubber and oilcloth, for example,^ "be , 
trated wathm a short time. The longer articles of clothing are 2 
posed, the greater the danger in wearing them. Rubber boots wr 

o men ThoTutt T* "** ^^ * aS may ° te * *- ta 
to men who put them on even several days later. Impermeable cloth 

mg^ll res 1S t penetration for an hour, but shouM not be tj 






b. Decontamination of materiel. 
(1) Cleaning. 

(a) All unpainted metal parts of materiel that have been exponod 
to any g as except mustard and lewisite must be cleaned as soon . 
poss.ble w.th SOLVENT, dry cleaning or ALCOHm aLT 
and wiped dry All parts should then b^Tattd S engin^i "t, ! 
h Z\TJ ll] decontami ^te the exterior surfaces the bore 

c" s b te oflrtt'r' and a " POT0US attaChments -<=h - ^ 
covers, etc., oi artillery pieces exposed to gas. 

(b) Ammunition which has been exposed to gas must be thm 
oughly cleaned before it can be used Tn H* a n * C . + De ™ m 

AGENT, decontaminating, noncorroXt; ?thtS^5£T 
able, use strong soap and cool water. After cleaning, wipe all ammu 



h clean rags. CAUTION: dry powered AGENT, decon- 

i K (chloride of lime), used for decontaminating certain 

i "I materiel, must not be used on or near ammunition 

iiUHe it causes flaming when it is brought into contact 

•"•I mustard. 

i l>< • uii laminating. For the removal of liquid chemicals (mus- 
'<■•, etc.) from materiel, the following steps should be 

i i oi relive measures. 

■ II these operations a complete suit of impermeable cloth- 

1 1 r»rvice gas mask will be worn. Immediately after removal 

,i thorough bath with soap and water (preferably hot) 

hi k en If mustard comes in contact with any skin areas, if 

mull particle of mustard gets into the eye, or if the vapor of 

haled, it is imperative that complete first-aid treatment 

1 1 Inn twenty or thirty minutes after exposure. (First-aid 

m .ire given in TM-91850 and FM-21-40.) 

I exposed to mustard will be decontaminated. If im- 

I- -thing has been exposed to vapor only, it may be de- 

nmted by hanging in the open air, preferably in sunlight, for 

It may also be cleaned by steaming for two hours. If 

• •■.|.. i i.u able clothing has been contaminated with liquid mus- 

mg for six to eight hours will be required. Various steam- 

can be improvised from materials available in the field. 

Procedure. 

ineiice by freeing materiel of dirt through the use of sticks, 
Id'., which must be burned or buried immediately after this 

ImMmIi 

• "i- heavy oil should be removed from materiel before 

• n.if ion is begun, by means of SOLVENT, dry cleaning, or 

-liable solvents for oil, applied with rags attached to sticks. 

ml animate the painted surfaces of the materiel with bleach- 
lolutlon made by mixing one part AGENT, decontaminating 
• id. of lime), with one part water. This solution should be 
i over all surfaces. Wash off thoroughly with water, then 
; nl all surfaces. 
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4 All unpainted metal parts and instruments exposed to musl 
or lewisite must be decontaminated with AGENT, decontaminatifll 
noncorrosive, mixed one part solid to 15 parts solvent (ACKTfl 
LENE TETRACHLORIDE). If this mixture is not obtainable, uJ 
warm water and soap. Bleaching solution must not be used, becaul 
of its corrosive action. Instrument lenses may be cleaned only will 
PAPER, lens, tissue, using a small quantity of ALCOHOL, ethl 
Coat all metal surfaces lightly with engine oil. 

5 In the event AGENT, decontaminating (chloride of lime),l 
not available, materiel may be temporarily cleaned with large v<L 
umes of hot water. However, mustard lying in joints or in leathl 
or canvas webbing is not removed by this procedure, and will remalj 
a constant source of danger until the materiel can be properly <lu 
contaminated. All mustard washed from materiel in this manij 
lies unchanged on the ground, necessitating that the contaminate 
area be plainly marked with warning signs before abandonment. 

6 The cleaning or decontaminating of materiel contaminated wli 
lewisite will wash arsenic compounds into the soil, poisoning and 
water supplies in the locality for both men and animals. 

7 Leather or canvas webbing that has been contaminated shouli 
be scrubbed thoroughly with bleaching solution. In the event thai 
this treatment is insufficient, it may be necessary to burn or bul 
such materiel. 

8 Detailed information on decontamination is contained in F| 
21-40, TM 9-850, and TC 38, 1941, Decontamination. 

(3) Special precautions for automotive materiel. 

(a) When vehicles have been subjected to gas attack with thi 
engine running, the air cleaners should be serviced by removing till 
oil, flushing the cleaners and elements with SOLVENT, dry clean J 
ing, and refilling with the proper grade of oil. 

(b) Instrument panels should be cleaned in the same manner 
outlined for instruments. 

(c) Contaminated seat cushions will be discarded. 

(d) Washing the compartments thoroughly with bleaching solu 
tion is the most that can be done in the field. Operators should cor 
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n tli. alert, when running under conditions of high tem- 
i« iv\ vaporization of the mustard or lewisite. 

in laces of vehicles will be decontaminated with 
ilution. Repainting may be necessary after this oper- 
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Section X 
DESTRUCTION OF MATERIEL 



imolition 



Paragraph 

35 



. DEMOLITION. 

a. When to destroy tank. When the loss of a tank to the enemy 
unavoidable (as when a crippled tank must be abandoned during 
withdrawal, or when a tank is disabled on the battlefield and its 
pture is imminent), the tank will be destroyed by its crew. 
■TE: If time and circumstances permit, machine guns and tri- 
te, the submachine gun, and the antiaircraft gun, together with 

possible ammunition for these guns, should be removed from the 
ik and carried to a safe distance before demolition of the tank. 

b. Destruction of other materiel. The tank crew, besides being 
urged with the destruction of its own tank, may be called upon to 

in the destruction of other vehicles and materiel— either that 
ongmg to friendly troops, or abandoned or captured enemy mate- 
I that cannot be recovered. In general, enemy materiel should 
destroyed before our own equipment. 

:. Large materiel, particularly vehicles that are being set afire, 
•uld (if possible) be destroyed on a bridge, in a defile, or at least 
a road, so as to hinder the enemy, unless such action would also 
aer the movements of friendly troops. 

. Destruction of armored vehicles. 

1) Method No. 1— Using antitank weapons. 

a) Materials needed. 

Antitank rocket launcher and rocket, or 

Antitank rifle grenade, grenade launcher and rifle, or 

Any other tank or antitank gun. 

Fuel in the tank of the abandoned vehicle. 

>) Action. Fire the weapon into the vehicle, aiming at the fuel 
c and, or ammunition load. If a good fire is started, the vehicle 
be considered destroyed. If not, the engine, suspension, and 
ament should be damaged by antitank fire, in the order named 
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| • ( for M3 Light Tanks) using TNT. 
Hi . ilvd. 

I blocks of TNT. (CAUTION: Do not use nitro- 
II.. i r\ plosive than TNT.) 

I L|>, 

(one to two minutes' length), 
matches. 
i of the vehicle. 

bracket welded or bolted in place inside the en- 

ij- ;ii nst the bulkhead and near the gas tank. 

I hi drilled to connect the engine compartment with 

n t merit, so as to permit insertion of the cap and 

I'his hole should be as small as possible, and 

. i ililc, have a removable plug. This modification 

pili. I iv ordnance personnel under the supervision of an 

■ i 

it r,\ two blocks of TNT in the improvised bracket 

il ment. Carry the fuze and crimped cap in the 

it. To destroy tank, insert cap and fuze in the 

1 1..- ensuing blast will set the vehicle on fire and 

I rubber-tired vehicles. 

i iii*4'<lrd. 

, M.i.lo. (One for each rubber tire desirable, but 

i in lank. (Desirable, but not mandatory.) 
Mi ■> 

li endiary grenade under each tire, 
i. ..if.il.' and engine accessories with axe or sledge. 

■ drain plug. 
i.i pins from the incendiary grenades. The ensuing 
1 1. I ires and most of the vehicle. 
■ i In extreme emergencies, action (a) and (b) will 
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f. Destruction of artillery weapons of 75 mm caliber or lai'KffJ 
(1) Method No. 1. 

(a) Materials needed. 

1 M9A1 antitank grenade. 

2 Round of HE shell. 

3 Improvised wooden adapter (for calibers of 155 mm or Ian 
which will hold the grenade approximately centered in the tuboT 

4 Lanyard long enough to reach a slit trench or other proteJ 

5 AN-M14 grenade (one per tire). 

(b) Action. Level the barrel. Place the armed M9A1 grej 
in the tube ahead of (but not touching) the nose of the shell J 
loaded. The nose of the grenade must point toward the breechj 
sert an unfuzed HE shell. Take cover. Fire. (This will dea 
tube, breech, and recoil mechanism, and do some damage to 
carriage.) Now place one incendiary grenade against each tire 
ignite. (NOTE: Difficulty has been experienced in unfuzing 
105 mm shell. This operation should be performed in advance. 

(2) Method No. 2. 

(a) Materials needed. 
1 Five or more grenades AN-M14 per gun tube, plus one perl 

(b) Action. Level the tube. Place five AN-M14 grenades in 
tube beyond the nose of a round when inserted. Ignite. (The t! 
mit will fuze with the tube. If the enemy attempts to fire this i 
without inspecting the bore, the gun will be destroyed.) Place 
AN-M14 grenade against each tire and ignite. 

(3) Method No. 3. 

(a) Materials needed. 

1 Sledge hammer and axe. 

2 Small arms, AP ammunition. 

3 One AN-M14 grenade per rubber tire. 

(b) Action. Smash fire control equipment and small parts. . 
AP small arms ammunition into recoil system and other critl 
parts. Take precautions against ricochets. Set fire to each tire] 
means of the incendiary grenades. 
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DESTRUCTION OF MATERIEL 
L i». i MM-lion of artillery and aircraft cannon less than 75 mm 

in Mi I hod No. 1. 

I ii I ciin Is needed. 
. < Mil grenade per rubber tire. 

I |||H> i - > 1 1 1 1 . 1 UK shell. 

ny lanyard. 
h) s.i Ion. Pack muzzle with mud and stones for a length of at 
. < i IVet. Load one round HE shell Fire from slit trench or 
. , i ■ - , 1 1 . . 1 1 . Set grenade against each rubber tire and ignite. 
1. 1 hod No. 2. Same as paragraph f (3). 

h M.i.Ihih liiins. 

I I » Mi duals needed. 

iiikI of ammunition. 
||, I I, ,.i ir lanyard. 

Ulion. Load round. Plug muzzle with mud and rock. Take 
ii hi trench or other shelter. Fire. 
Im.uIiIi-i weapons. Smash against rocks, trees, etc. 
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Section XI 

ORGANIZATION MAINTENANCE 



Scope - 

Differences between LA and LC engine parts 

36. SCOPE. 

a. The scope of maintenance and repairs by the crew afl 
of the using arm is determined by the ease with which Hill 
be accomplished, how much time is available, the nature dfl 
temperatures, weather conditions, concealment, shelter,] 
hostile fire, the equipment available, and the skill of the H 
all these are variable, no exact system of procedure can U 
or followed. 

b. The following definitions are included in order that dfl 
name may be correctly interpreted by those doing the wor( 

(1) Service. Consists of cleaning, lubricating, tightenlnj 
nuts, and making external adjustments of subassemblieH J 
and controls. 

(2) Repair. Consists of making repairs to, or replacemoj 
subassembly, or assembly, that can be accomplished without! 
disassembling the subassembly or assembly, and does not raj 
welding or riveting, machining, fitting, and/or alining. 

(3) Replace. Consists of removing the part, subassembly 
bly, from the vehicle and replacing it with a new or recof 
rebuilt part, subassembly, or assembly. 

(4) Rebuild. Consists of completely reconditioning and] 
serviceable condition any unserviceable part, subassembly, d 
of the motor vehicle (including welding, riveting, macliinj 
alining, assembling, and testing). 

c. NOTE: The using arm personnel is authorized to 
reinstall an engine or a power train unit assembly; however, I 
ment of an engine with another engine, or the replacement] 
train unit with another transmission assembly, must not 
the using arm unless authorization is received from ordnam • » 

TOO 
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,i The following are the maintenance duties which may be p< 

l, lM | by the using arm personnel. All other replacements and repa 

« ill be performed by the ordnance maintenance personnel. 



i. 



M. DIESEL POWER UNIT, SERIES 71, MODEL 6046 



(lull 



Paragra 
Referer 

At 



Operation 

i vliiwlcr head Replace gasket . 

■ Under head assembly . Replace 46c anqj 

Hariri hole cover gaskets. Replace 

mst valves. Adjust lash 

Replace springs 

Grind 

Replace 

[iwker arm Replace 

- mi followers Replace 48 h an 

ftl h rods , Replace 

I \ iwer unit • • Replace - 

Remove ' 

1 1 uisfer gear unit Replace 



Lubrication System 

t nl pan Replace 

Replace gasket 

Oil pump Replace 

Clean intake screens . . . 

Oil pressure regulator 

valve .....Replace 

Service 

i hi Biter Replace element , 

i hi strainer .Clean 

Oil cooler Replace 

i Ml by-pass valve Replace 

Service. 

< )il lines, external Clean 

Replace 

ml Lank Replace 

101 



60 b 
60 b 



(1) 
(2) 
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Operation 

Fuel and Air Intake System and Air Heater 

Injectors Replace 

Timing 



PnrnfH 
RelWi 



49 



M 



Positioning control racks. . 4Q h 

Governor Adjust 

Replace control housing assembly 

Replace weight and housing 
assembly . 
Air heater Replace. .'."'"".' 

Replace pump 

Fuel pump Replace 

Fuel oil manifolds Replace. .... 

Air housing assembly . . Replace ...... 

Replace gaskets . 

Replace solenoid 

k . , Service air shut-down valve 
Air cleaners Replace 

Service 

Blower assembly Replace 

Replace gasket 

,, ^ Replace drive shaft ..... ,',', 

Muffler s ...-Replace ' 

Fuel oil filter, primary , . Service 

Fuel oil filter, secondary . Replace element. 

Fuel tanks, lower Replace. 

External fuel lines. ... .Replace. . 

Cooling System 

Fan assembly Replace 

Water pump Replace 

Water outlet manifold . . Replace 

™ Replace gasket 7 n 

Thermostat. Replace .....'.'.'." ' 

Service 

Radiator .Replace. .. 

Hose and fittings Replace. 

Water expansion tank. . . Replace 



■ | 
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Paragraph 
Reference 



» I. 



II.. Shaft 
Kill 



Service 89 and 90 

Replace plates 91 

Replace housing and clutch 
assembly 91 f and 94 



Replace . 



i. .mi Unit 

i„.lr. Service 102 b and c 

Replace 102 c 

I ir it Kf ... .Adjust 1°3 

i nml Replace 105andl06 

1 1 1 ■ 1 1 Replace l^ 9 

»i„-l ilons and Tracks 

- 

I < i m I hill) 

i Replace . HI b 

.. I.. ■ I Replace .112 c and e 

Replace grease seals and bearings. 112 d 

rliiKH Replace 112 e and f 

Service * H«* 

Replace H3 * 

Replace 114 d and f 

Replace bearings and grease seals 114 e 

i i. ■ Irii id System 
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52 b 

52 c 

54c 

116 b 

117 b 

Replace - 117 c and d 

il cli Replace H? ' 
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i My Replace 

Replace solenoid . 

,cmbly. . . .Replace 

Charge 

Service. 
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Unit 



Operation 



Generator regulator Replace 

Voltage regulator Replace 

Instrument panel Replace face plate 

Replace bulbs. ,] 

Replace instruments | 

Siren Replace 

Collector ring assembly. .Service (M4A2 only)! 

Generator radio filter . . . Replace 



Auxiliary Generator Unit (M4A2 Only) 

Spark plug Replace 

Magneto Adjust 

Fuel strainer Clean 

Air filter Clean 

Commutator Clean 

Assembly , . Replace 



1 



Turret and Hull (M4A2 Only) 

Hydraulic traversing 

unit Replace 

Turret hatch ring Replace 

Gun Firing Mechanism and Controls (M4A2 Only) 

Gyro-stabilizer system Service 

Machine gun Replace 



37. DIFFERENCES BETWEEN LA AND LC ENGINE I'M 

a. The two engines of the power plant are identical gfl 
relatively few parts and assemblies. Care must be exercised III 
parts or assemblies to be sure that they are correct for th J 
which they are to be used, 

b. The following parts and assemblies are different on t lm| 
and the right (LC) engines, and in procuring replacement 
necessary to specify for which engine they are required: 

Adapter assembly, oil cooler Body assembly, water |MJ 

Blower assembly Cam, governor control 
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Cover, balance weight 
Cover, flywheel small hole 
Cover assembly, governor 
Cover and lever assembly, 

governor 
Cover, water pump body 
Elbow, exhaust manifold 
Fan assembly 
Gear, blower drive 
Generator assembly 
Governor assembly 
Housing assembly, air inlet 
Housing assembly, flywheel 
Housing assembly, governor con- 
trol 
Housing, oil cooler 

Housing, starting motor drive 

Manifold, exhaust 

Pipe, pressure oil pump outlet 

Plate assembly, lower junction 

Plate assembly, upper junction 

Pump assembly, fuel 

Pump assembly, water 



Radiator assembly 
Shaft, blower drive 
Shaft assembly, governor opu|J 

ing 
Shaft assembly, governor throl 
Shield, fuel pump drip 
Spring, air shut-down valve 
Starting motor assembly 
Tube, air heater pump inlet, upJ 

to lower junction plate 
Tube, fuel pump inlet, upper Jul 

tion plate to fuel pump 
Tube, fuel pump to seeondS 

filter 
Tube and bracket assembly, injJ 

tor and governor control 
Tube assembly, injector and gfl 

ernor control 
Tube, lubricating oil pressure ^J 
Tube, secondary fuel filter to 

manifold 
Tube, water by-pass 
Vent, cylinder head 
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ORGANIZATIONAL TOOLS AND EQUIPMENT 



t.r.l 



Paragraph 

. 38 
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UNUNT, TOOLS (fig. 22). 






■ i innul special repair tools for the twin Diesel power unit are 
| i „ h s to maintenance organizations as shown in the following 

REG'T 

TANK TANK BAT'L MAINT 

SPECIAL ENGINE TOOLS MECH. CO. CREW PLAT 



106 



REMOVER, injector; also 
COMPRESSOR, valve 

spring: also 
REMOVER, fan shaft bear- 
ing retainer oil seal 

REMOVER, broken push 

rod, and cam follower. . . . 

I | REMOVER, push rod (set 

of three) 

J I i i JAWS, vise, for injector 

body, with popping tools . 

i | II | If A GAGE, cylinder compression 

■ .hi REMOVER, flywheel pilot 

bearing 

|Ul f. PILOT, clutch aligning 

WRENCH, cylinder head 
stud nut (under control 

shaft), % in 

i - 1 .:•!> GAGE, fuel pressure 
i | u',1-1 FRAME, twin motor assem- 
bly, and carriage 

i i i HOOKS, engine lifting, twin 

and single 

WRENCH, push rod lock 

nut 
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REG'T 
TANK TANK BAT'L MAINT. 
. i i I u . KNCINE TOOLS MECH. CO. CREW PLAT 

SET SET SET SET 

i i tirl injection timing .. X X X 

| no I uicl line double flare 

X X X 

t hli 'A TOR, piston top 

i|« .1 ..hi it, with feeler X 

i i . < ! I , clutch throw- 

I hi'tiring lock nut • ■ -.• X 

i i;N«N. fuel pump XXX 

|| i S. 

.ii ..f organizational special repair tools for the main- 

Immm lank M4A2 is as follows: 

REG'T 
TANK TANK BAT'L MAINT. 

■»,»., tank tools mech. co. crew pl e at 

■, IniM mi head to bayonet type X X 

X 

i i/ivase, portable, 25 lb. f 
L t . i.ifh |ni-ssure, w/HOSE and 

, . X . . X 

III \ .-In I .e spring X X X 

fLmu> wln'i'1 oil retainer, assem- 

XXX 

ii. i <>il retainer, assembling, 

A. 

i i.|.|.oit roller oil retainer, 

•!• ' • ' • 

..I io nnector, removing X .. X 

I | 1 . 1 1 1 1 1 k , engine compartment 

X X X 

| i , K5NF-2, turret front 
h nun rotor and shield (M4A2 

A. 
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SPECIAL TANK TOOLS 



TANK TANK 
MECH. CO. 
SET SET 



EYE-BOLT, 1-14 NC-2, turret (M4A2 
only) , . 

FIXTURE, track connecting, w /SIM- 
PLEX JACK and HANDLE, adjust- 
able 

FITTING, lubricating, button head type, 

1 S-27NPT, male "... 

GUIDE, bogie wheel gudgeon, assembling 
HAMMER, slide, bogie wheel gudgeon. . 
LIFT, bogie 

PROTECTOR, bogie wheel gudgeon, 
driving 

PULLER, gudgeon, screw type 

PULLER, idler wheel 

SLING, power train, complete 

WRENCH, socket, % hex. % sq. extra 
deep 

SPREADER, suspension gudgeon clamp- 
ing slot 

TOOL, idler wheel, installing 

TOOL, companion flange, installing 

WRENCH, plug, % hex., final drive, dif- 
ferential filler, and drain plug 

WRENCH, special box, 3 in. hex 

WRENCH, plug, % hex., transmission 
and oil tank drain plugs 

BIT, screwdriver, 3^ in. sq. drive 

WRENCH, set, ferret, % in. sq. drive, 
consisting of: 

(1) BAR, sliding x 

(1) EXTENSION, bar, 3 in X 

(1) EXTENSION, bar, 6 in , X 

(1) EXTENSION, bar, 12 in . X 

(1) JOINT, universal X 

no 



X 



RE(J'1I 
BAT'L MAIN! 
CREW PLAT 
SET SET 



X 



X 



X 




X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 
X 
X 

X 



X 


X 


A. 

X 
X 
X 


X 


X 


X 


X 


X 




X 


X 




X 


X 


X 
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ll'tti I \l. TANK TOOLS 



TANK TANK BAT'L 

MECH. CO. CREW 

SET SET SET 



REG'T 

MAINT. 

PLAT 

SET 









X 
X 
X 



I'l HIT. reversible X 

II. 17 in X 

n wrench, ferret, % in X 

II. wrench, ferret, ?-f 6 in — X 

i , wrench, ferret, }$ in.... X 

I I, wrench, ferret, % in — X 
mi ii I, IT, wrench, ferret, % in — 
IT, wrench, ferret, % in. .. 
M< M K KT, wrench, ferret, M in — 

• ii .i, socket, special, 1 in. sq. 

i i heavy duty, consisting of: 

I II SH >N, 9 in., 1 in. square . 
hit;, iubuIar,36in.long, W% 

\ 1 1 I ■"„■, O.D 

' i I > lujuare, 1 in. female 

i - quare, 1 in. male 

214 in., brake inspection 

Dill 

T, l%in.... 

t)l i KT, 2% in., bogie wheel gud- 

1 1 n 1 1 u I 

1)1 KKT, \ l / 2 in., idler bracket 
i'« i mi J • ■■ r 

• II I i I', 2% in., idler hub nut. . 

liding, 22 in 

Ill \t), ratchet, 1 in 

hi m I I , |i% in., clutch retainer 

nui 

| ' ||, i.i ii hit, track support roller 

• M 1 1 inner, track support roller 



• M ticket, 2% in. hex., bogie 
. 1 1- 1 i'i «in head, holding, special. . 

in 



x 



X 



X 



X 



X 



X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 



X 



X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 


X 
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m REG'T 

SPECIAL TANK TOOLS K ^ %£k ^ 

SET SET SET SET 



SNCH, socket, 1^ in. hex., extra 

spension spring compressor 

i 

CNCH, % in. hex., volute spring 
ig, male , 



X 



X 



X 



X 



X 



X 



1T2 
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• hi i a HON SPARE PARTS AND ACCESSORIES 



"i and accessories. 



Paragraph 

. 40 






BAIH>n Sl'ARE PARTS AND ACCESSORIES. 



V " 

r 



.;il ion spare parts is supplied to the using arm for 

1 "I those parts most likely to become broken, worn, 

ruble. The set is kept complete by requisitioning 

I >rganization spare parts are listed in pertinent 

• ution spare parts is covered in Section VI, Care 



|Mm ;ies include tools and equipment required for 

nd assembling as the using arm is authorized to 

| fur i In* cleaning and preservation of the armament, sight- 

imI r«|uipment, ammunition, etc. They also include 

i ""I rolls, and other items necessary to protect the 

i in use or when it is traveling. Accessories should 

ither than as prescribed, and when not in use 

loivd. 

ii ipare parts, armament. A separate set of spare parts 

i i in' arm for each subcaliber gun. After the initial 

III i kept complete by requisitioning new parts to 
i Allowances are prescribed in the SNL's for the 

in iiiament. The accessories are tools and equipment 
irm for cleaning and preserving the subcaliber gun 
• I fin keeping a complete record of their use. 

|MtrlH and accessories per tank. The issue per tank of 

■ t the armament carried by Medium Tank M4A2 

• ' runs (2), cal. .30, Browning M1919A4. 

mrried in tank. (For complete list of repair parts, 

I \ ii.) 
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Part 



No. 



ACCELERATOR 

BARREL, spare 

BOLT, assembly . . 

BUSHING, belt feed lever pivot . . . 

CAN, tubular (w/o contents) , 

CASE, spare bolt M2 (w/o contents) .......... 

COVER, assembly 

ENVELOPE, spare parts, Ml (w/o contents) . . . 

EXTENSION, barrel, assembly , 

EXTRACTOR, assembly 

LEVER, cocking 

LEVER, feed belt 

LOCK, breech... 

NUT, belt feed lever pivot bushing 

PAWL, feed belt. 

PIN, accelerator, assembly 

PIN, belt feed pawl, assembly 

PIN, belt holding pawl, split , 

PIN, cocking lever 

PIN, driving spring rod 

PIN, firing, assembly 

PIN, trigger 

PIVOT, belt feed lever 

ROD, driving spring, assembly 

ROLL, spare parts, M13 (w/o contents) 

SEAR 

SLIDE, feed belt, assembly 

SPRING, belt feed pawl 

SPRING, belt holding pawl 

SPRING, cover extractor 

SPRING, driving 

SPRING, locking barrel. 

TRIGGER 



2 
1 
1 
2 
1 
1 
1 
1 
2 
1 
1 
1 
2 
1 
1 
1 









(b) Accessories carried in tank. (For complete list of repair p< 
see SNL A-6.) 

Part No. per tank 

BAG, empty cartridge, cal. .30 (flex, bow gun) . . 1 
BAG, empty cartridge, cal. .30 (turret) 1 

114 



TM 9-73 IB 
140 
il/ATION SPARE PARTS AND ACCESSORIES 

I'm I No. per tank 

mi II, chamber cleaning, M6 1 

(Mil M -leaning, cal. .30, M2 6 

111 I I .in i munition, cal. .30 27 

i i muzzle, cal. .30 (flex, bow gun) 1 

I t»\ Kit, muzzle, cal. .30 (turret) 1 

Kit, receiver, cal. .30 (flex, bow gun) 1 

i li cceiver, cal. .30 (turret) 1 

i I KA< 'TOR, ruptured cartridge, Mk. IV 2 

»|)|| i L\ rectangular, 12 oz 1 

in M ,K( TOR barrel, cal. .30 1 

|(l Mi cleaning, jointed, cal. .30, Ml 2 

■fet mihimuhine gun, cal. .45, Thompson, M1919A1 when 
«l by TBA as personal weapon of member of tank 

l»in is carried in tank. (For complete list of repair parts, see 

i 

I 'art No. per tank 

h i « 'ONNECTOR, 6D 1 

I I ECTOR, 4B 1 

i i L. ACTOR, 15A 1 

ii :. firing, 14A 1 

i l M KER, 16D 1 

i i I NO, disconnector, 9A , 1 

i I" IMG, firing pin, 14C 1 

i ■ I ( I \'< ; f magazine catch, 9D . . . . 1 

['KING, recoil, 17C 1 

i i: IXO, sear, 9B 1 

.varies carried in tank, (For complete list of repair parts, 
I - A-32.) 

Part No. per tank 

II II : I S II , chamber cleaning, M6 . „ 1 

UK I ISH, cleaning, cal. .45, M5 1 

« \ : -• K , accessories and spare parts M1918 (w/o 

contents) 1 

• i IV BR, Thompson submachine gun 1 
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Part n„ 

ENVELOPE, fabric, one button, 3 x 3^8 in.. . . 

MAGAZINE, 30 rounds (clip) 

SLING, gun, M1923 (webbing) 

THONG 

(3) For machine gun, cal. .50, Browning, M2Hb. 

(a) Spare parts carried in tank. (For complete list of 

see SNL A-39.) 

Part No.l 

EXTRACTOR, assembly 

(b) Accessories carried in tank. (For complete list of I 

see SNL A-39.) 

Part No 

BOX, ammunition (50 rounds cal. .50) 

BRUSH, cleaning, cal. .50, M4 

ROD, jointed, cleaning, Ml 

(4) For 75 mm. gun, M3. 

(a) Spare parts carried in tank. (For complete list of 
see SNL C-34.) 

Part No. pfl 

FORK, cocking | 

MECHANISM, firing 

Composed of: 

1 GUIDE 

1 PIN 

1 PIN 

1 SPRING 

1 STOP 

PIN, cotter, y 8 xl%m , 

PIN, firing 

PLUG, recoil cylinder 

PLUNGER ' " 

PLUNGER, firing. 

POUCH, spare parts roll (w/o contents) 
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Part 



No. per tank 



RETAINER, sear 1 

RETAINER, firing 1 

SPRING 1 

STOP, firing spring ■ 3 

Accessories carried in tank. (For complete list of repair pa 
see SNL C-34.) 

No. per tank 



Part 



ROOK, artillery, gun, O.O. Form 5825 (blank). 
BRUSH, bore, M10 w, staff (112% in. long). . 

Composed of: 



1 
1 



in 

the 

i.. i 



1 BRUSH, bore, M 10 

1 STAFF, end 

1 STAFF, middle 

CAN, H gal. (OIL, recoil) , 1 

COVER, bore brush, M516 

COVER, muzzle * 

OIL, recoil, heavy, 1 qt. (in can) 1 

SETTER, fuse, M14 - l 

WRENCH, fuse - * 

For tripod mount, cal. .30 machine gun, M3. 
Spare parts and accessories carried in tank. (For complete 
of repair parts, see SNL A-6.) 

Part No. per tanl| 

COVER, tripod mount, M2 ■ l 

Tank spare parts. Spare parts for the tank, except in a few m 
ances, are not carried in the tank. When replacements are necess 
new parts are procured by exchanging the worn or damaged p 
new ones at the Service of Supply. 
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Section XIV 

POWER UNIT 

Pora|ffl 

Power unit 4H 

Installation 

Detailed data . . . , . 

Drive mechanism .|J 

Trouble shooting .|Qj 

Cylinder head assembly 

Hand hole cover gasket replacement 

Valve and injector operating mechanism. . . , 4I 

Injector , ,\% 

Governor rj 

Engine tune-up 

Starting motors . ftf 

Air heaters , , 

Generator 

Fuel pump 

Fuel oil manifolds 

Engine lubrication and lubricants 5^ 

Oil pan . , 5| 

Lubricating oil pump 5fl 

Filters and strainer I 

Lubricating oil cooler . 6| 

Lubricating oil tank I 

Air intake system : . 68 

Air cleaners M 

Blower 6I5 

Engine shut-down valve 66 

Mufflers , . . 67 

Fans , . . , 68 

Water pump , <;;i 

Water manifold 70 

Power unit replacement 7| 

Power transfer unit , , 7a 

41. POWER UNIT (figs. 21, 23, and 24) 
a. General description. 

(1) The Medium Tank M4A2 power unit, Model 6046, consists 
two General Motors six cylinder, 2-cycle Diesel engines of 414 irii 
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f by 5 inch stroke (425 cubic inch displacement, each eng 
Hie two engines, each of which is a complete functioning ui 

■ I elf, are mounted alongside each other, and are arranged for 
Deration as a single unit through the medium of a transfer ca 

h both crankshafts are geared to a single power output ^ 
Which turns at 1.37 times crankshaft speed. 

(2) Each of the two engines is equipped with its own sta 

motor, generator, fuel pump, oil cooler, clutch, and other ace 

necessary to permit either engine to be operated independ 

Dl he other, 

b. Diesel principles. The Diesel engine, like the gasoline eiJ 
hi internal combustion engine; that is, an engine whose ei 

■ produced by the burning of a mixture of air and fuel insk 
Cylinders. The Diesel differs from the gasoline engine princi 
m the means used to introduce and to ignite the fuel. In the gas 
• ngine, fuel and air are mixed in a carburetor and drawn int 
I linder, where the mixture is compressed by the piston and 
irnited by an electric spark. In the Diesel engine, air alone is 
pressed in the cylinder; then a charge of fuel is sprayed int 

linder, and ignited by the heat of compression. (The Diesel 
ression ratio is about 16 to 1, that of a gasoline engine aboul| 

When air is compressed, its temperature rises. The Diesel 
"inpression raises the temperature of the air to about 1000 F 
'), more than high enough to ignite the fuel as it is injectecj 
he cylinder.) 



c. Two-cycle Diesel operation. 

(1) Most automotive gasoline engines, and some Diesel enj 
operate on a cycle of four strokes— intake (suction), compre 

lansion (power), exhaust; that is, each cylinder has onlj 
power stroke for each two revolutions of the crankshaft. The I 
engines of this power unit, however, operate on the two-cycle 
ciple, each cylinder having one power stroke for each crank 
revolution. 

(2) In the two-cycle Diesel, every upward stroke of the pist 
i compression stroke, and every downward stroke is a power st 
Because there is no intake (suction) stroke, nor any exhaust st 
mechanical means are provided for filling the cylinder with ai 
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for clearing out the burnt gases. In this unit, each engine hi 
blower to supply air to the cylinders. As the piston nears the I «) 
of its stroke, the exhaust valves (two per cylinder) open, permit] 
the burnt gases to escape to the exhaust manifold. Further iluwj 
ward movement of the piston uncovers ports through which I Id 
blower forces air into the cylinder, expelling the remnants of H 
burnt gases through the still-open exhaust valves, and filling the (■ 
inder with fresh air. As the piston begins its up-stroke, it covfl 
the air inlet ports, and the exhaust valves close. During the reifl 
the stroke, the trapped air is compressed to one-sixteenth of II 
former volume, reaching a pressure of approximately 500 poiiflfl 
per square inch. Just before the piston reaches the top of its str^H 
fuel is sprayed into the cylinder, to be ignited by the 1000 F tfl 
perature of the compressed air. The intense heat of combinitlfl 
causes a rapid expansion of the air, greatly increasing the pre^H 
on the piston. This pressure continues during the downward (powfl 
stroke of the piston until the exhaust valves again open. Since (M 
complete cycle of operations requires but two strokes, the ^H 
"two cycle" is used to distinguish this type of engine from a folffl 
stroke (or "four cycle") engine. 

d. Special nomenclature. 

(1) Left and right engines. In most automotive vehicles, and M 
boats, the twin Diesel engine used in the M1A2 tank is mounl^ 
with its fan end to the front and its flywheel end to the rear of tl 
vehicle or vessel. In that position, the engine bearing the mamif^ 
turer's model designation "LA" is on the left-hand side of the vu 
hide or vessel, and is referred to as the left engine. Model "It' 
engine is on the right-hand side, and is known as the right engiiM 
In this manual, the designations and terms for the two engitifl 
remain the same, and using personnel should always speak of t| 
right and the left engine as if the engines were mounted forward 
the tank with their fans to the front. (See fig. 25.) This system 
nomenclature is essential to the avoidance of confusion and ed 
in procuring service parts, some of which fit only the right or Hit 
left engine and bear manufacturer's parts numbers or symbols Hi, 
identify them as right or left. Using personnel should familial 1 
themselves with the proper nomenclature. A thorough study of I In 
diagram {fig. 25) is recommended. An easy way to remember w 
is the LA model and which is the LC model is to fix in the mind 
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■ * d ^ AF Tu ( f° r lGft) ' the LA model ***** the ,e ft engine, as 
wed from the flywheel end of the power unit. 

i 2) "Front" and "rear" of engine. Although the engines of the 
! /er unit are reversed in the tank, having their fan ends turned 
f; ,ne rear, the terms front and rear, as applied to the engines, are 
, be used as they are when applied to an engine mounted in the 

' *u« , a Car ° r truck ' The fan end of the en * ine is the front 
; tne flywheel end is the rear end. 

3) Fuel and oil. In general automotive practice, the phrase 
el and oil" always means gusoline and lubricating oil. The Diesel 
:me, however, uses fuel oil instead of gasoline. In order to avoid 
fusion between fuel oil and lubricating oil, the word oil by itself 
uld never be used in referring to the fuel, which should be called 
ler fuel oil or just fuel. In this manual, the word oil bv itself 
ays means lubricating oil. 

. Direction of rotation. 

1) In referring to the direction of rotation, the right-hand di~ 
tion (the direction in which one turns an ordinary wood screw 
icrew it in) is clockwise, and left-hand direction is countercloek- 
e. 

2) Rotational directions of engine parts should always be de- 
tbed as viewed when facing the front, or fan end, of the engine. 

DIRECTION OF ROTATION— VIEWED FROM FAN END 

Left engine (LA) Right engine (LC) 

inkshaf t counterclockwise counterclockwise 

nshaft clockwise counterclockwise 

ihometer drive counterclockwise clockwise 

1 counterclockwise clockwise 

!l pum P counterclockwise clockwise 

rting motor clockwise clockwise 

lerator . , counterclockwise clockwise 

J wer (drive shaft) counterclockwise clockwise 

» output shaft, geared to both crankshafts, turns clockwise. 

124 



TM 9-73 IB 




S 



o 

o 

Q 



o 
a 

E 

o 
u 

01 

.c 

C 

UJ 

C 

D 



O 

a> 

i 

a.- 

c 

3 



TM 9-73 IB 

1141 






TM 9-731 B 
1142-45 



' i 



MEDIUM TANK r M4A2 




POWER UNIT 



i i VLLATION. 



power unit is mounted at the rear of the tank, in a compart- 

■ inirated from the fighting compartment by a bulkhead of 

• pljile. Access to the engine compartment is by way of the 

itch in the rear deck. The hatch closure is two heavy steel 

doors that He flush with the deck. Between the engines and 

• red doors is a splash panel of Vi-ineh heat treated steel, 

i tl I lie front so that it may be raised to give access to the 



Ml TAILED DATA. 

fir. il ions covering the main features of the power unit, and 
I i ii formation on its characteristics, are tabulated in para- 

I |MC I VIC MECHANISM. 

impeller shaft is attached to the engine driven shaft flange 
I lower transfer, or transfer gear unit, at the rear of the 
l umi (fig. 21). 

n.nim.E SHOOTING. 

iirnil. Satisfactory performance of the Diesel engine de- 

rhiWIy on two factors — first, sufficiently high compression, 

mil, the injection of the right quantity of fuel at the right 

1 mpression depends almost entirely on the pistons, piston 

lives, and valve operating mechanism. Fuel injection de- 

ni the fuel feed, the injectors, and their operating mech- 

*.u link of engine power, uneven running, excessive vibration, 

mlency to stall when idling, may be caused by loss of com- 

i nil v injector action, poor adjustment of the throttle and 

Lrol linkage, or improper adjustment of the governor. 

I Mr on- fails to start. 
i in n I lie not in correct starting position. (See par. 8.) 
i nil I ;ink selector valve closed. 
i .1. I l. ink empty. 
t Mime shut-down valve closed. 



126 



127 



: > 



I 

I 



I ■ 



TM 9-73 IB 
<[45 



MEDIUM TANK, M4A2 



(5) Blower rotors not revolving (indieated by smoke comin 
of the air intakes). (Notify ordnance maintenance personnel. 

(6) Leaking cylinder head gasket. Check compression (par. 

(7) Fuel supply insufficient. Examine fuel supply tank se 
valve, filters, and line connections. {See pars. 74, 75, 76, and 7 

(8) Air in fuel system. Check for air leaks in fuel suction 1: 
Check for faulty injector (par. 49 d). 

c. Engine fails to start at freezing temperature. 

(1) Check air heater pump. 

(2) If pump is operating properly, inspect air heater units fl 
replace if necessary (par. 53 c). 

d. Uneven running- and excessive vibration, 

(1) Faulty injector timing or rack setting. (See par. 49 f, 

(2) Throttles of engines not equalized. (See par. 50 c (2).) 

(3) Fuel supply insufficient. Examine the fuel supply tuiik|| 
valves, filters, and line connections. (See pars. 74, 75, 76, and 7NJ 

(4) Hunting governor. Check for injector mechanism bound In 
any of the following causes — (a) through (f). 

(a) Injector clamp too tight or not properly positioned. A himllitf 
injector rack oftentimes can be freed by tapping the foot of ■ 
clamp lightly with a small hammer and a long- drift or screwclriVJB 

(b) Gummy injector. In long service, an injector may stick ■ 
cause of accumulated gum and sludge. Remove the injector (|H|I 
49 c) and wash it in clean gasoline. 

(c) Injector rack control lever out of position or cocked. Loi 

the two screws in the rack control lever, and move the lever all 
the control tube to aline it properly with the injector rack. Coc 
of the rack control lever may be due to damage to the ends of 
adjusting screws or to the surfaces against which they bear. 

rect by tiling the damaged parts; then adjust the rack control h-vJ 
for proper position, (^ee fig. 46.) 

(d) Injector control tube sticking or binding. The small ball I k 
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li rack control tube turns must be free from chips, 
•■•. and must be lubricated. Binding due to poor aline- 
i 'I., bearing supports can be corrected by loosening the 
iporl cap screws and realining the bearing supports. 
urilrol tube is free of bind, its return spring alone should 
tube and the injector racks when governor link is dis- 
believer the control tube bearing supports have been 
..I Hi. adjustment of rack control levers should be checked 
■ ii I. I i) CAUTION: Never stretch or tamper with the 
iHin.l uprrng to change its tension. 

idol lube spring bent. Replace. 

i nor linkage binding. Check for bind in the pin connect- 
rontrol link to control tube lever. (See fig. 48.) 

MUh nil the foregoing checks — (a) through (f) — have been 
'i Hi . governor still fails to control the engine speed properly, 

ay be worn or otherwise unfit for further use, and 

moved and inspected (par. 50 b and d). If overhaul of the 
necessary, notify ordnance maintenance personnel, and 
ilu governor with one in good condition. 

miIInk water temperature too low. Remove thermostats 
. manifold and inspect for failure to close (par. 70 c). 

I \ ftlvi** in had condition. Check compression (par. 45 e), 

i . leiirance not set correctly. (See par. 48 c.) 

|. i (s) cutting out. 

v . Under may be failing to fire because of faulty injector or 
' i. m, or the engine may fire irregularly because of some 
i he fuel feed to the injectors. Two methods of testing the 
I In- injectors are used: 

hi ile 1 1' i mine quickly which cylinder is not firing, run engine 

I ii I'd and cut out each injector, one after another, by 

ii lirmly on the injector spring guide with a screw- 

i M i»rl nally alongside the rocker arm. If a cylinder is firing 

Itiiig out its injector will cause a noticeable difference 

..inn I .Hid a decrease of engine speed. If a cylinder is not 

nu "ill its injector will not affect the operation of the 

xny, 
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(c) A more positive test for locating a misfiring cylindl 
increase the fuel feed to each cylinder in turn: 

1 With engine idling, loosen (one full turn) upper adjui 
screw on the control tube lever of No. 1 injector {%. 46) . 

2 Move the control rack of the injector inward, causing Nd 
inder to receive an increased charge of fuel. There will be ;» n 
able increase in engine sound and speed if the cylinder ii | 
properly, no change in sound or speed if the cylinder is not find 

:> If No. 1 cylinder is found to be firing correctly, reset its infl 
control rack (pars. 49 h and i) ; then make the same test oil 
cylinder in turn until the misfiring cylinders are located. 

(d) Check injector timing of misfiring cylinder (par, 49 f), j 

(e) Check for correct exhaust valve lash (par. 48 c) of wunfL 
cylinder, and inspect valve springs. 

(f) If the valve springs and valve lash are correct, remoyj 
fuel injector (par. 49 c) and install a new one. 

(g) If the cylinder with its new injector still fails to fir« M 
larly, check the compression of that cylinder (par. 45 e). 

(9) Engine firing irregularly. If the quick test (see (#■ 
above) of injectors does not indicate that particular eylindoJH 
at fault, check the engine as a whole: 

(a) Check all injectors for correct timing (par. 49 f ) . 

(b) Check for air in fuel system. Inspect for leaks at fu< 
nections from the fuel tank to the fuel pump, at the bowl gas 
the primary fuel filter, and at fittings in air heater lines. 

(c) Check exhaust valve lash at each cylinder (par. 48 c). 

(d) Inspect exhaust valve springs. 

(e) Check compression, all cylinders. (See following text.) 
e. Checking compression (fig. 28). 

(1) Remove the rocker cover. 

(2) Start with No. 1 cylinder and remove fuel lines from 
the injector and the fuel connectors. 
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RESSION ADAPTER FITTING 



INJECTOR ROCKER ARM 
RA PD 36328 



Figure 28 — Checking Compression 

v the injector (par. 49 c) from No. I cylinder and in- 
|ih lire gage in its place in the same way as the injector 
Id I iinl restore the rocker arm to operating position. 

m« nf the two fuel lines as a jumper connecting the fuel 
ii 1 1 old and the return manifold fittings, to permit fuel 
ui i«h manifold to flow directly to the return manifold. 

i In- engine, run it at about 1,000 revolutions per minute, 
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and take readings on the gage, (Do not test compression by , 
mg the engine with the starter.) 

(6) Restore No. 1 cylinder to operating condition; then i, 
of the other cylinders in turn, and compare the gage readid 
pressure of any one cylinder should not be more than •>/, ,,„i 
below the reading of any other cylinder. If a cvlinder si, 
compression, remove the cylinder head {par. 46 c). Inspect <■ 
inder head gasket and the valve seats for leaks, and check I J 
for sticking. If these parts are found to be in good order, till 
loss of compression must result from leakage past the pis!.,., M 
to ineffective piston rings. NOTE: If it is necessary to inspol 
piston rings, notify ordnance maintenance personnel. 

f. Engine stalls frequently. 

(1) Idling speed too low. Adjust for 400 rpm (par. 50 c (J 
NOTE: Both engines must be adjusted to the same idling spfl 

(2) Cooling water temperature too low. Remove thermostatl 
water manifold (par. 70 c) and inspect for failure to close W 
make sure air bleeder valve is closed. 

(3) Too sudden application of load at low engine speed II L 
grabs, check adjustment of dutch pedal and of clutch (par 'in 
the clutch grabs when these adjustments are correct, notify ■ 
nance maintenance personnel. 

(0 One or more cylinders cutting out. (See par. 15 d (8).) 

(5) Hunting governor. Remove all bind (par. 45 d (4)) fro J 
.lector control rack operating shaft mechanism. 

(6) Fuel niters clogged. (See pars. 75 c, d, e.) 

(7) In jector operation faulty, (See par. 49 d.) 

(8) Governor or linkage incorrectly set. (See par. 50 c.) 

f,i 9) f Ai , l \ in , fl l el , SyStem - InSpect for leaks at al! fu el connecB 
from fuel tank to fuel pump, at the bowl gasket of the primary J 
filter (par. 75 d) on the bulkhead, and at fittings for air heater 1 1 
g. Loss of power. 

(1) Injector racks not properly positioned. (See pars. 49 h an J 
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i milt injector timing. (See par, 49 f.) 

I it ii.uk , (s) cutting out (See par. 45 d (8).) 

I • i Sh< i. .mors clogged. (See par. 64 d.) 

i hi mMm icnt fuel supply. Examine fuel supply tanks, selector 
. and line connections. 

I •■ • I»hk<'(I fuel oil filters. (See par. 75 d and c.) 

|t i Mi m fuel system. Inspect for leaks at fuel connections from 
<nl to the fuel pump, at bowl gasket of the primary fuel 
the engine bulkhead, and at fittings on air heater lines, 

I) in In lor operation faulty. (See par. 49 d.) 
I»i i«mri-nor out of adjustment. (See par. 50 c.) 
| I'll l.uss of compression. Check cylinder pressure (par. 45 e). 
''Ill I Tin •>< lie linkage out of adjustment. (See par. 89 e.) 

• i\ exhaust. 

M I sive black smoke indicates one or more of the follow- 

in » Poor grade of fuel. (See par. 77, Fuel Oil Specifications.) 
I |lii Injector timing late. (See par. 49 f.) 
I (i>) Injector operation faulty. (See par. 49 d.) 

i 1 1 (Junket leaking at hand hole cover or air heater cover plate. 

BlM'i'K •• n.isket (pars. 47 and 53 c), 

ii Wr ports in cylinder liner clogged. Remove cylinder head 
Ml c) and clean sludge from air box and ports into air box. 

Hi I (lower intake obstructed. Remove air intake housing (par. 
' | i ml inspect and clean screen between housing and blower. 

i An shut-down valve out of adjustment. If valve is drawn 
i hv I lie blower, adjust valve (par. 66). 

I I U ue smoke is an indication of one or more of the following: 

I I In jectors not equalized. (See pars. 49 f and g.) 
ii.> < > I inder (s) cutting out. (See par. 45 d (8.) 
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(3) Lubricating oil enters combustion chambers: 

(a) Piston rings pass oil. The rings may be worn or hi 
oil rings incorrectly assembled. (Notify ordnance niaiiil»| 
personnel.) 

(b) Oil leaks at blower. Oil leaks into air box or blower hj^k 
because blower housing gasket is leaky (replace gasket— par 9 
or the blower rotor shaft seals are leaky (notify ordnance infl 
nance personnel). 

(c) Oil level too high in air cleaner. (See par. 64 b.) 

i. Engine detonates. If a hard, metallic knock indicates ,!-i 
in one or more cylinders, the engine should be stopped mimecM 
as serious damage may be caused by the excessive pressure* m3 
panymg detonation. Detonation is caused by the presence of i.i.i, 
lubricating oil in the air charge of the cylinders during llic/| 
pression stroke. To correct, the engine should be checked as lolJ 

(1) Leaky injectors. Replace (par. 49 c and e) . 

(2) Lubricating oil dilution due to fuel leaks. 

(a) Drain and refill the lubricating oil system with specified! 
Then inspect the air box and clean it out with compressed abl 

(b) If air box drains are clogged, remove obstructions. 

(c) Tighten all fuel connections. 

(d) If piston rings are suspected, notify ordnance maintnr 
personnel. 

(3) Oil pullover from air cleaners. See that oil in air clean, 
not above prescribed level and that oil is of the proper vise J 
(See par. 64 b.) 

(4) Leaky blower housing gasket. Replace the gasket (par, 

(5) Leaky blower oil seals. (Notify ordnance maintenance I 
sonnel) . ' ^ 

(6) Fuel feeding into air box through air heater. Check for I J 
check valves at the air heater pump on instrument panel Make f 
shut~off valve is kept closed. 

(7) Plugged air box drains. Remove obstruction (par. 63 c). 
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^Hitf lubricating oil pressure. 

hi ||,-l pipe from pump to cylinder block loose or broken. 

H| mipply low. 

■ m.i niiph diluted by fuel oil. Check odor of oil in crankcase 
i.l. ( heck for fuel leaks (par. 45 i). 

r|tiw nf improper lubricant. (See par. 26.) 

Wmn crankshaft or connecting rod bearings. (Notify ord- 
inance personnel.) 

il i kitting oil pump relief valve sticking open. (Notify 
Mi.- nance personnel) 
■ III pressure regulator valve sticking. (Notify ordnance main- 
}|i . jii I iilllU'l.) 

II i roulcr clogged. (Notify ordnance maintenance personnel.) 

, nil MHivenging pump screens clogged. Remove oil pan (par. 
I. .n screen (par. 59 c). 

n| pump drive inoperative. Remove oil pan (par. 58 b). to- 
ll r i, drive and check for a broken oil pump drive shaft. 

perative, notify ordnance maintenance personnel. 

\u Irak in pressure pump supply. Inspect hose and connec- 

i .. or loose joints. 

lines clogged or leaking. Remove oil pan (par, 58 b), 

. , ■ . I els, Lighten connections. If the oil lines are clogged as 

,i dirty and sludging oil, the lubricating system should be 

i .l.-aned. (See par. 25.) 
| nil outlet pipe from pump to cylinder block loose or broken. 

i • :-d.) 

limine overheats. 

«Jnt enough water in cooling system. 
| lliuliator core air passages clogged. Clean out obstructions 
. ii ululated oil and dirt. 

i lugged water hose and connections. (See par. 82.) 
u uter pump inoperative. Replace (par. 69 b). 
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46. CYLINDER HEAD ASSEMBLY (figs. 29, 37 and 39). 

a. Description- The cylinder head assembly, which can 
moved (fig. 29) from the engine as a unit, consists of the c^ 
head casting and the cam followers, guides, push rods, rockl 
exhaust valves, fuel injectors, fuel manifold, exhaust m 
and water outlet manifold. The exhaust valve seats (see fig. 
hardened inserts shrunk into the cylinder head casting. Fro 
cylinder, two exhaust passages lead to a single port openi 
the exhaust manifold. Water passages, for cooling, surrot 
exhaust valve seats, exhaust passages, and the thin walled 
tubes into which are inserted the injectors (see fig. 37). I 
the cylinder block and the head, a laminated steel gasket is 
a compression seal, and a cork gasket as an oil seal. A pressi 
valve rocker cover encloses the top of the cylinder head. 

b. To replace cylinder head gasket. 

( 1 ) Remove cylinder head as outlined in paragraph 46 c, om J 
steps 18 and 19. (Injectors should be left in place.) 

(2) Remove cylinder head gasket and clean cylinder hcitf 
cylinder block surfaces. 

(3) Install new gasket (par. 46 d (1) and (2) ) . 

(4) Replace cylinder head (par. 46 d) . 

c. To remove cylinder head assembly (fig. 29). 

(1) Drain the cooling system (par, 80 d), 

(2) Remove rear deck and engine splash shield (par. 71 b (10J 

(3) Remove the filter panel par. 71 b (22)). 

(4) Remove water outlet tubes (figs. 87 and 88) . 

(5) Remove the by-pass elbow from each engine. 

(a) Take out the two bolts holding the by-pass elbow to, 
thermostat housing (9/16-inch wrench). 

(b) Back off the hexagon packing gland nut that holds the 
to the by-pass tube (1%-inch open end wrench) and removi 
elbow. 
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I \\ 1 1 In I raw the cotter and clevis pins from each end of the 
mi. i ml at the side of each engine and remove the rod. 

n Iti'inove the three air cleaners. Cover the air intake housing 

Hi wood plugs, boards, or tape. (Do not use small rags or 

i hit might drop or be drawn into the air intake housing.) 

. i .. wove the water temperature gage capillary tube from the 
ml of the water manifold and cover the manifold opening to 

i dirt. Protect bulb with wrappings. 

i move the rocker arm cover. 
I", hi nmneet the lubricating oil tank breather hose at the 
r lh< engine and move it out of the way. NOTE : Also remove 

i breather hose if first type air cleaners (fig. 61) are in use. 

i u i K i -move the lifter bracket from the rear of the engine (%- 
irket, ratchet handle, and short extension wrench, and %-inch 
ml w rench). 

I I ■ » li.inove the governor control housing (par. 50 b) . 
i i I :< -i i iove the secondary fuel filter : 

I . i I. MK.ve the inlet and outlet fuel pipes from the filter (%-inch 

iu I v\ rench). 

|t,l Hark off the hex nut at the bottom of the filter housing, and 

,\ (he assembly from the mounting bracket. 

I Take out the bolts holding the mounting bracket to the en- 

i|i,.< r.i Mi-inch open-end or socket wrench) and remove the bracket. 

Ml) liemove the four bolts and lock washers which hold the 

lifter bracket to the balance weight cover (%'inch socket, 

hi i handle, and long extension wrench) and remove the bracket. 

| It,) Uemove the four bolts (5/ 8 - mcn socket and ratchet handle 

I, I ; ,nd lock washers which hold the exhaust pipe elbow to the 

in I manifold. 
. no Uemove the four bolts ( fvinch wrench) and lock washers 

i old the breather pipe at the rear of the water manifold. 

il*) Uemove the cross shafts on the bulkhead. Pull out the cotter 
. i.-vis pins holding the vertical throttle rods to the cross shaft 
Uemove the four bolts (V 2 -inch open-end wrench) holding 
i . ross shaft bracket to the bulkhead. 
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(18) Remove injectors (par. 49c). NOTE: Removal of injecttfl 
is unnecessary if no work is to be done on the cylinder head. If (■ 
.lectors are left in place, exercise care in handling- the head so lli«l 
spray tips will not be damaged. In laying- down the head, ptJ 
wooden blocks beneath it to prevent spray tips and valve follow^ 
from being injured. 

(19) Disconnect governor control link and remove capscruvw 
holding injector control tube assembly. Remove assembly by |"»M 
ing straight up away from cylinder head. (These capscrews are coM 
veniently removed by using a y.j-inch universal socket wrench, M 
shown in fig. 31.) 




CONTROL TUBE 
BRACKET 



CONTROL BRACKET 
BOLT 
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Figure 31 — Removing injector Control Tube 
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i i ve the cylinder head hold-down stud nuts (jHnch 

■H mill wicket wrench). 

i . \ \\;\rh hoist hooks to the holes in each end of the cylinder 
ii. I in I lie assembly from the cylinder block (fig. 29). CAU- 
I ii i the assembly slowly, making sure that it clears the fan 
Lh i ■ i iass pipes, and bulkhead. 

i i.. 1. 1 II cylinder head assembly. Install the cylinder head by re- 
pihU Hi.- preceding steps, using new gaskets throughout, and 

,i (he following precautions and directions : 

camshaft and balancer shaft pockets with rags. Re- 

. Hit- old cork gasket (oil seal) from the cylinder block, clean 

nil nee well, and install a new gasket, using shellac between 

■ I and the block. Do not put on the shellac until all opera- 

essary on the block have been completed. Shellac the top 

■ ■I' I he gasket just before installing the head. 

. i Wipe upper surface of the cylinder block clean, and install a 

inated steel (compression seal) gasket with the surface 

lop, and the head around the cylinder openings, turned up- 

Do not use shellac or any other sealing compound on this 

i 

, wipe the under side of the cylinder head clean before lower- 
inU> place on the block. 
Willi the governor control housing installed, pour about 
■t* I wtll pint of lubricating oil into the housing. 

I , Will, throttle in off position, declutch, and turn engine over 
i «. , thai all parts function properly. 

i ( 'heck to see that the throttle can be moved to a fully open 
..ii hi the governor control cam. 

. \<l just valve lash (par. 48c). 
Time injectors (par. 49 f). 
Vd just rack control levers (par. 49 h and i). 
l>) pour about one quart of lubricating oil over the valve 
uid rocker arms. 
|||)l lefore replacing rocker cover, open engine throttle to idling 
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position. Start the engine, and at about 1500 revolutions per mlt_ 
check to see that all fuel line connections are tight. (If fuel oil l»|9 
into the cylinder head, diluting: the lubricating oil, engine bearliJ 
may be seriously damaged.) 

(12) Install new rocker cover gasket, if necessary. Use sheltal 

47. HAND HOLE COVER GASKET REPLACEMENT. 

To replace hand hole cover gaskets (see fig. 24), it is necessa J 
remove the inspection plates in the hull beneath the engines. 

a. Remove the inspection plate from beneath the engine o|>|m«||| 
the one on which the gasket is to be replaced. (See par. 71 b (2))1 

b. Remove the bolts, with flat washer and copper washer, ftfl 
the hand hole cover (9/16-inch socket and ratchet handle wn-iu-l j 

c. Remove the cover and take off the old gasket. 

d. Install a new gasket, shellacking it to the cover (not tofl 
engine block). 

e. Replace the cover by reversing steps a and b. 

48. VALVE AND INJECTOR OPERATING MECHANISM 

(fig- 32). 

a. Description. 

(1) For each cylinder, there are three rocker arms — the mi4i||| 
one to operate the injector, the others to operate the exhaust valvm 
The rocker arms operate on the rocker shaft, which is supported J 
two brackets. Two rocker shaft bolts hold each shaft in place ■ 
fasten its brackets to the top of the cylinder head. The rocker . 'trill 
are lubricated by oil that flows from a passage in the cylinder lioJ 
through the drilled lower ends of the rocker shaft bolts into fl 
rocker shaft brackets and thence through the shaft to the roelJ 
arms. The removal of Die two bolts and the shaft permits timid 
the rocker arm assemblies back on their push-rod clevis pins, givlfl 
easy access to the fuel injector and the valve springs (fig. 33). 

(2) The injector end of each injector rocker arm is fitted uitlil 
hardened ball stud and a ball seat. The valve end of each wtll 

rocker arm is hardened and ground to a cylindrical surface wlilJ 
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Valve and Injector Operating Mechanism, Disassembled 
143 






TM 9-73 IB 
H48 



MEDIUM TANK, M4A2 




TM 9-73 IB 
'148 



POWER UNIT 



hrrctly on the end of the valve stem. The rocker arms are 
ml I mm the camshaft through cam followers and short push 

Contact between the cam follower and the cam is by means 

•H«i, on needle bearings. Each set of three cam followers is 

<l with a guide, bolted to the bottom of the cylinder head, to 

m" follower rollers in line with the cams and to serve as a 

■r 'luring assembly and disassembly. The push rod spring fits 

le the hollow cam follower, and is held in place at its upper 

i I In" cylinder head follower hole by a retainer and a wire lock- 
up The valve springs are held in place by retainers and two- 
fepered seat locks. 

Late model engines have a valve spring (interchangeable 

I !•• old spring) of new design, a new valve spring cap, and a 

liriiiK seat. The new cap may be used with the old-style spring, 

.i«. must be taken that the cap rests flat on the end coil of the 

[f the cap rocks on the spring, the projecting lug on the bot- 

il" cap should be ground off. The new valve spring seat, 

h «■ ,i pin through its flange, can be used only on engines with 

• i heads having VHnch drilled holes for seating the pin, but 

idapted to other engines by grinding off the pin underneath 

ki II" the old-style valve spring does not rest flat on the seat, 

|0ti top of the flange must be ground off. 

Maintenance. 

1 | ■ titrations on the valve mechanism that may be performed 
Hum! i (-moving the cylinder head are: 

I \<ljustment of lash (valve clearance). (See par. 48 c.) 

H'l Itrplace valve spring. (See par. 48d.) 

1 i Ur place rocker arm, rocker arm shaft, or rocker arm bracket. 
• I'n i I Ha.) 

I'll lloplace cam follower spring, cam follower, or push rod. (See 

i i ) These parts, however, are more easily changed from the 

- lilr of the cylinder head when the head is off the engine. (See 

i l> and i.) 
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(2) The cylinder head must be removed for the following 
operations : 

(a) Replace valve. (See par. 48 f .) 

(b) Replace valve guide. (Notify ordnance maintenance |*fl 
sonnel.) 

(c) Replace valve seat. (Notify ordnance maintenance person im|J 

(d) Grind or reseat valves. (See par. 48 e.) 

(e) Replace injector tubes. (Notify ordnance maintenance M 
sonnel.) 

c. Valve lash adjustment (fig. 34). 

(1) Correct valve lash is extremely important because of 



ADJUSTING 
WRENCH 




PUSH ROD PUSH ROD LOCK NUT FEELER GAUGE 

Figure 34 — Valve Lash Adjustment 
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•.s.sion (500 lb. per sq. in.). Too little clearance causes a 

I pnmpression, misfiring, and eventual burning of valves and 

1 Too much clearance causes noisy operation, especially 

iillitiK range. The correct lash between the valve stem and the 

il 1 inch go and .013 inch no go, with the engine hot; 

i with the water temperature between 165 and 185 F (71 and 

tfljn In ient of valve lash can be changed by means of the 

)il»<l upper part of the push rod, which is screwed into the push 

I M« I locked by a lock nut. The adjustment is checked by 

dli the proper gages, between the valve stem and the 

. .il the moment when the injector arm is depressing the 

• i plunger. The clearance must be enough to let the thin gage 

dI enough to pass the thick gage. 

1 II ON : Whenever a push rod has been disconnected from 
W) ""I clevis, or partly unscrewed, the rod must be screwed 
mto Ihc clevis until the end strikes the rocker ami. Unless this 

nl is correct, the piston may hit the head of the valve. 

i |t< pliire exhaust valve spring (fig. 35). To replace an exhaust 

IuIiik with the cylinder head on the engine : 
Hi Id ni'-ve rocker cover. 

i I urn over engine until piston is at top of stroke (when the 

i plunger has traveled approximately fr-inch on the down- 

• ■!.■>, in order that the valve spring shall be fully extended. 

| I' connect and remove fuel feed lines from injector and 

H Hi. 'in at the fuel oil connectors ('/j-inch open end wrench), 

UK them aside. Use extreme caution to protect injector fit- 

iniM dirt. (Cover with shipping caps if they are obtainable.) 

i omove the two rocker shaft bolts holding the rocker shaft 
.! to cylinder head (%-inch socket wrench), remove the 
••In and shaft, and turn rocker arms back out of the way (fig. 

-hp one of the rocker shaft bolts through the valve spring 

fulcrum sleeve and through the valve spring compressor 

i 1227, 1 and 2, fig. 22) and install the bolt firmly in the 
I hole of the cylinder head adjacent to the valve spring to be 
i f laving the jaw of the tool astride the valve stem. 
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Figure 35 — Removal of Valve Spring 



(6) By moving the free end of the tool, the valve spring cap 
be depressed and the valve spring cap lock removed. The sprinf 
now be lifted out. 

(7) A valve spring may be installed by reversing the opernlhi 
for removal, and observing these additional directions: 

(a) Adjust valves for .015 inch lash with engine cold, then t 
engine and relash to .011 inch go and .013 no go with the enginl I 
(par, 48 c). 

(b) Before installing the rocker cover, run the engine and innH 
all fuel connections for leaks. (Should fuel oil leak into the cylinfl 
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,. 36 — Details of Valve and Injector Operating Mechanism 

I dilute the lubricating oil, the engine bearings might be 

damaged.) 

Recondition valves and valve seats. 

i I , \\ hen either a new or a used valve is installed, the valve seat 

,'linder head should be examined for proper valve seating. 

I valve is to be installed again, the valve stem should be 

.. i im<] the valve seat reground to the correct angle of 45 

The valve guide should be thoroughly cleaned with the 

tnirif reamer. If the bore of the valve guide is worn out of 

,.,i., if valve heads are warped, the parts should be replaced. 

, , II. r contact between valve and seat after a valve has been 
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^»,j mi. ma> be checked by wiping a thin film of Prussian blue on 

Krat, setting valve in place, and bouncing valve on seat. If 
i , seating properly, an unbroken band of blue will be 
| hi 11 u' face of the valve. 
F l |i. ,.l i.«- exhaust valves, 
■|t lirniMvr cylinder head (par. 46 c). 

m- the cylinder head right side up, resting on two-inch 
hhI (to protect the valve followers and injector spray tips 
. > and release the valve springs (par. 48 d) . 
, i. the cylinder head on its side (see fig. 39) and withdraw 
i nil the bottom. 
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t Igure 38 — Removal of Rocker Bracket and Shaft 
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(4) Install valves by reversing the preceding; steps. (See 9A 
ceding - .) 

g. Replace rocker arm or shaft (fig. 38) . 

(1) Remove the rocker arm shaft brackets and shaft (par m 1 

(2) Loosen the lock nut ('/>-inch open-end wrench) at the ti{| 
end of the push rod, next to the clevis, and unscrew the cl< v 1 
rocker arm from the push rod. 

3) Before replacing rocker arms or parts, inspect the rocker rf 
bushings for excessive wear, and clean out the oil holes in tin- m, 1 m 
arms, rocker shaft bolt, and rocker shaft, with gasoline, small *fl 
and dry compressed air. 

(4) Note that the injector i-ocker arm is different from tin 
haust valve rocker arms; also, that the boss for the rocker shall h 
each valve rocker arm is longer on one side than on the other, fl 
long side of the boss must face the injector rocker arm. Lubm»t| 
the outside of the rocker shafts with clean engine oil and install Ifl 
rocker arms and shafts by reversing the operations for remod 
observing these additional directions : 

(a) After replacing the rocker arms, adjust valve lash (par. S(H 

(b) Before installing the valve cover, run the engine and <h« 
all fuel oil connections for leaks. (Should fuel oil leak into the of] 
inder head and dilute the lubricating oil, the engine bearings 
be seriousy damaged.) 






h. Remove cam followers. Cam followers may be removed 
the cylinder head from the top, with the cylinder head in placa 
liai'. 48 j) . If the cylinder head is already removed, the cam followfl 
are more easily removed from the bottom. 

(1) Remove the rocker arms (par. 48 g). 

(2) Turn the cylinder head on its side (fig. 39) and remove 
cam roller guide bolts and the guides. 

(3) Pull out the cam follower, follower spring, spring seats, 
push rod as an assembly. The cam follower spring seat retainer j 
remain in the cylinder head, and may be left in place unless the p|| 
are to be installed in another head. 
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i. Replace cam followers (cylinder head removed). 

(1) See that the spring seat, spring, and push rod are fully i 
in the hollow followers. Then, with the spring seat retainer in 
in the cylinder head, slide the follower assembly into the cyll 
head, being careful to turn the follower so that the oil hole in I 
lower end points away from the valve and will not be covered by \M 
follower guides. 

(2) Attach the follower guides to the cylinder head. 

(3) Provide wood blocks 2 inches thick on which to rest m 
cylinder head, to protect the injector spray tips; then reverso tfl 
head and run the lock nuts down onto the upper end of the pfl 
rods. 



RA PD 11101 

TOGL-J-1245 
PUSH ROD 



| nvw the end of each push rod into the rocker arm clevis so 
Hm fiid of the rod strikes the rocker arm. Leave the lock nuts 
uisting clearance after cylinder head is installed. 

|) in i all the cylinder head (par. 46 d). 

ii. iitueing push rod from top of cylinder head (fig. 40). A push 
in rhanged, or a broken push rod removed, with the cylin- 
i ..j, the engine. (Fig. 40 shows the injector removed, but it 
I IH'I in place.) 



I: 



i I i move valve rocker cover, 
i II ve rocker arm < par. 48 g) . 

I in ■ > I Lool No J-1245 between the cam follower spring seat 
nut on the push rod. 
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Figure 40 — Removal of Push Rod 
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Figure 41 — Removal of Cam Follower 
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(4) Screw the lock nut down to compress the spring until sprffl 
retainer is relieved. 

(5) Dislodge the spring seat retainer from the groove in Hi 
cylinder head with a screwdriver. 

(6) Back off push rod nut and remove compressing tool. 

(7) Withdraw the push rod, spring, and cam follower (fig. 41) 

(8) Replace cam follower and push rod by reversing the p] 
ceding steps, making certain that cam follower oil holes are timifj 
away from the valve. 

(9) After installing the push rod and replacing the rocker arnJ 
and fuel lines, adjust the valves to .015 inch lash with engine roldj 
then run engine and relash to .011 inch go and .013 inch no go, i n 
gine hot. 

k. To inspect cam follower assembly. After the cam followulJ 
have been removed they should be cleaned, blown off with dry coim 
pressed air if possible, and inspected as follows : 

(1) Cam rollers must turn smoothly and freely on their bearing. 

(2) If cam rollers, bearings, or pins are worn sufficiently to poiJ 
mit more than .005 inch radial movement of the roller, or if the pirn 
are loose in the cam followers, new follower assemblies should t>« 
installed. 

(3) Rollers must be free from flat spots or scuff marks. If not, i 
if rollers have not been rotating freely, examine the cams. If Lin 
cams are scuffed, or the noses of the cams are worn down, both tin 
rollers and the camshaft should be replaced. (Notify ordnanro 
maintenance personnel.) 

(4) NOTE: Rapid change in valve lash may be due to the com 
ditions listed in (2) and (3) above, 

49. INJECTOR (fig. 42). 

a. Purpose. A fuel injector, one for each cylinder, is mounted in] 
the cylinder head between the exhaust valves of its cylinder (li«, 
33). To obtain combustion an accurately metered quantity of finely 
atomized fuel must be mixed, at the end of the compression stroke, 
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figure 42 — Fuel Injector, as Removed from Cylinder Head 

157 



I 






: 



TM 9-731 B 
1149 



MEDIUM TANK, M4A2 



with the charge of air which has been forced into the cyliltffl 
the blower and compressed to ignition temperature by (.he i>lfl 
This is accomplished by the injector, which provides a compli h I 
independent injection system for each cylinder. 

b. Maintenance- Correct functioning of the injector is viliil In] 

efficient operation of the engine. Therefore, it must receivi |fl 
taking servicing. 

c. Removal of injector {fig. 43). 

(1) Remove rocker arm cover, 

(2) Remove fuel pipes from the injector and loosen them rill 
fuel connectors {f/Sj-inch open-end wrench), then swing them $M 



INJECTOR 
CONTROL RACK 

INJECTOR 

ROCKER SHAFT 
BOLT 
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Figure 43 — Removal of Fuel Injector 
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In foe caution to protect injector and connector fittings 
hi i i II shipping caps on injectors if they are obtainable.) 

the two bolts (%-inch wrench) holding the rocker 
,et,s to the cylinder head, and swing entire assembly 
in i nl not to bend the push rods. 

Ihe injector hold-down stud nut (ft-inch socket 

i . i ,i ., i in>: special washer and clamp. 

Ilu> injector straight up from its seat by means of the 

i h I'll 1 Lool (fig. 43). 



OL-J-J261 




USE SHIELD AROUND 
TIP WHEN POPPING 

INJECTOR 
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Figure 44 — Testing (Popping) an Injector 
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(6) Lift the injector from seat, at the same time disengaging! 
injector rack from the rack control lever. 

d. Testing fuel injectors (fig. 44). An injector should alwHjfl 
tested before it is installed in the engine. This test, known aiT 
ping- the injector," is accomplished with tool No, J-1261, aw MM 

(1) Place injector in test fixture. 

(2) Using: a clean oil can filled with clean fuel oil, introduce I 
into one of the injector openings until fuel flows from the ■• 
opening. 

(3) To determine whether all seven holes in the spray tip 
open, move the injector rack into the full fuel position ; then foM 
press the test handle down on the plunger follower with m t||i 
motion. When the check valve opening pressure is correct, conn 
able downward pressure will be required on the fixture handle InJ 
the injector; if but little pressure is required, the check valve i>] I 
ing pressure is too low. CAUTION : Keep hands away from the flS 
tip when popping the injector, as the fuel from the spray tip 1 
penetrate the skin and may cause blood poisoning. 11. is arivisnl 
use a shield around the spray tip. 

(4) Test for a leaky check valve by wiping or blowing all m 
from the spray tip, then pressing down on the fixture handle IimmIi 
but not forcibly enough to open the check valve. Maintain a sloftl 
pressure while watching the spray tip. If oil appears, the Mi J 
valve is not seating properly. 

(5) If the injector fails to pass these tests, notify ordnance mJjfl 
tenance personnel. 

(6) NOTE: Never remove the filter from the injector, becauM 
the risk of getting dirt into the oil passages. 

e. Installation. The injector is installed in the cylinder head ■ 
reversing the sequence of operations for removal (par. 49 c) i 

dowel on the injector body registers with a hole in the cylinder \\oM 
so that the injector can be located in only one position. When insufl 
ing the injector into its tube be sure to engage the injector rack wfl 
the rack control lever. After installing the injector, tighten wfl 
the hold-down clamp and nut. Avoid over-tightening; a firm pull I 
40 pounds on a 6-inch ratchet handle (equivalent to 20 to 25 poun M 
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i torque wrench) is enough. Check for free movement of the 
Itloi i ark. Then attach fuel pipes to injector and tighten them at 
llHiimeclors. 

i i .i.l mjector timing (fig. 45). For proper engine operation, it 

al that all six injectors be properly timed, so that the cyl- 

ili lire at exactly even intervals. In addition, all the injector 

■ urn i be positioned; that is, so adjusted that, at any throttle 

.arh one will deliver exactly the same quantity of fuel as 

■ lirrs. Therefore, before the engine is run, each newly-installed 

., I mst be timed, and if more than one injector has been in- 

i)i .i all six racks must be positioned (par. 49 g). To time an in- 
in'oi'eed as follows: 

■I) Remove valve rocker cover. 



* 
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Figure 45 — Timing Fuel Injectors 
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(2) Turn throttle control to off position. 

(3) Crank engine, by means of the starting motor, until tha 
haust valves of the cylinder to be timed are fully open (all the 
down). 

(4) Place injector timing gage (tool J-1853, fig. 22) in tirtilqJ 
gage hole on the top face of the injector body (fig. 45) . 

(5) Rotate timing gage until the lower edge of either of the I Vfi 
flats on the hexagon knob is over or against the plunger follo^ 
guide. (Timing gage height is 1.460 inch.) 

(6) Adjust the injector rocker arm, by means of the screw 
justment on the upper end of the push rod, until the lower fact 
the timing gage just passes over the top of the plunger followd 
guide. Tighten lock nut on push rod and check adjustment again 3 
more than one injector has been newly installed and timed, do nd 
run the engine until racks on all six injectors have been position* 
(see following) . 

g. Positioning injector rack, After an injector has been install 
its rack position must be adjusted to correspond with the otffl 
because the quantity of fuel injected into the combustion chaflL 
at each stroke is governed by the rack position. The maximum qim 
tity of fuel is injected when the rack is all the way in ; no fuel in ... 
jected when the rack is all the way out. The rack movement, eitfioj 
in or out, is limited by the length of the toothed part of the rack. 

h. Positioning of control racks (engine not running) (fig. 4(5), 

(1) Loosen lock nut on buffer spring screw and turn screw J 
until approximately 5/ 8 -i nc h projects from side of governor houHi'nf, 

(2) Turn out several turns on both the inner and the outer «T 
justing screws on all rack control levers. 

(3) Hold governor control lever securely in full open positio 
(as shown in fig. 46). Slowly turn down the inner adjusting sen 
on the rack control lever of No. 1 cylinder until a definite step-u t . 
resistance is felt. When this step-up is felt, the governor idle ad jimt- 
ing screw will be seen to move slightly outward. After this mov* 
ment is seen to start, back off inner screw about one-third turn, Uu<n 
turn down outer adjusting screw to lock, 

(4) Check rack control lever adjustment, 
(a) It should be possible to move the governor control lew 
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smoothly from idle position to full open position (at the end of I 
slot) without any definite step-up in effort near the open poifl 
If a sudden increase in resistance is felt near the end of [fM 
toward full open position, the inner adjusting screw on th> • •»« 
control lever is in too far. Back off the inner screw slightly I 
tighten the outer adjusting screw to lock, 

(b) Hold the governor control lever in the full open position, 
shown in figure 46. Firmly pushing the injector control tul» |< 
by hand should move the injector racks outward slightly (Iron 
to .,'., inch, about the thickness of a thumb nail) before an iru m 
in resistance is felt and before the idle adjusting screw hound! 
move outward. If this free travel is more than ,.^-inch, buck I 
slightly on the outer adjusting screw, turn down inner sen 
lock, and recheck. 

(5) After the injector rack of No. 1 cylinder has been pro|H 
positioned, hold rack all the way in and adjust each of the remtlllfl 
rack control levers to the full in position. Adjust each lever in \m 
by slowly turning down the inner adjusting screw until the injflfl 
rack can be felt striking bottom, and No. 1 rack can be seen to \tm 
movement outward. Then tighten down outer screw and lock Iftfl 
screw. Each time a rack lever is positioned, check to see that ^ 
rack has not been moved outward. If No. 1 has moved out, the l« •< 
last positioned has been set too far in, and should be readjustee 
slightly backing off its inner adjusting screw, then tightening "Ul 
adjusting screw. 

(6) Check for stop position. Hold the governor control levifl 
the stop position. The injector racks should not have more tH 
fVinch outward movement when the injector control tube li 
moved with the hand. NOTE: Visual inspection should show |fl 
all injector racks extend approximately %-inch. 

(7) Set idle speed (par. 50 c (2) ) . 

i. NOTE: No attempt should be made to balance the tnjoofl 
to obtain smoother no-load performance by adjusting individual m| 
control levers after all have been positioned as in h preceding, 
rack be adjusted farther in than the others, only that one ( yhn- 
gives full output; all the other racks are held back from full I 
position, thus preventing the engine from developing its ma mm 
power. 
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M\ KKNOIt. 

s tin speed governor is attached to the blower front end 

mmJ h. Mic cylinder head of each engine. It is driven by means 

I n|ilin< il shaft, which fits into the upper blower rotor shaft, and 

ImIoIi riled by oil from the blower and from the cylinder head. 

1 1 mi regulates the idling speed and limits the top speed of 

iin, lo prevent dangerous overspeeding. Once set for the 

I- . 1 1 limit, the governor should not be tampered with. 

■fplim'tin-nt of governor control housing (figs. 47, 48, and 49). 

mnect governor air breather hose (on engines with early 
huts only) (see fig. 47). 



GOVERNOR 
BREATHER HOSE 



LEVER RETRACTING 
SPRING 




SEAL WIRE COVER AND LEVER ASSEMBLY RA PD no02 

,, re 4J — Removal of Governor Confrol Housing Cover 
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GOVERNOR CONTROL 
RA PD 36348 HOUSING 

Figure 48 — Governor Control Housing, Cover Removed 
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HUconnect throttle control rod from the governor control 

Id move the control lever retracting spring. 

Kriiinve the four screws and lockwashers from the cover. 

I ,i 1 1 off the cover and gasket. 

I I ■ ii i ii ive rocker cover from cylinder head. 

Rtmove the retainer spring and flat washer holding the gov- 
i.mlnil link to the governor differential lever (fig. 48). 

love the four bolts and lockwashers from the weight car- 
| • i plate. 

lii off the plate and gasket. 

i Itamove the clevis pin from the governor control link and 
I ml tube lever (fig. 49). 

i Itomove the governor link by pulling it out toward the con- 

ihr lever. 

I Replace the flat washer and retainer spring on the differ- 




RA PD 11003 



Figure 49 — Removal of Governor Control Link 
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(13) Remove the two bolts holding the governor assembly Im 
cylinder head (, 7 (i -inch open-end wrench). 

(14) Lift off the governor control housing assembly h 
governor weight housing dowel pins. 

(15) Reverse these steps to install the governor. Be sun 
stall good gaskets at the governor weight cover and at the cj) 
head. CAUTION: In assembling the governor control hnn i 
the weight housing, make sure that both the ball thrust I 
and the thrust washer are between the fork of the vertical opj ■ 
shaft and the sliding sleeve, or riser, on the horizontal welfl 
rier shaft (fig. 50). 



Figure 50 — Governor Weight and Housing Assembly 

(16) Before replacing the governor control housing cover, \m 
at least a half pint of engine oil into the top of the governor,! 
putting on the cover, be sure that the governor fulcrum lever ■ 
goes between the jaws of the differential lever. 

(17) After installing the governor, time the injectors (par, IM 
and position the injector control racks (par. 49 h). Also make M 
speed plunger, idling speed, and buffer screw adjustments (see n 
paragraph). 
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;i<ljuslments. The governor spring plunger gap must 

. il\ .i i<> obtain full engine power. If the gap is too wide, a 

III occur, near 1200 revolutions per minute, where the 

i ' "I lover can be moved without a corresponding change 

power. If the gap is too narrow, a Hat spot will occur at 

"I nl ions per minute. After the governor plunger gap or 

rucks have been adjusted, the idle speed of the engine 

i i 

i' i mi- plunger gap setting (figs. 46 and 51) . 

r I ho spring cover at the rear of the governor control 
< I the idle-adjusting screw so that it projects '/« to ^ 
i'n h.cknut. 

• the governor cover and the link between the gov- 
i Im- i ii lector control shaft. 

■ -i i I he engine with the aid of a helper, and regulate its 
1 1 i ml operation (see fig. 46) of the injector control tube 
• i ll< >N : The governor is now disconnected, and care must 
II 'lid (o overspeed the engine. 

I • * - 1 > the engine running between 700 and 1000 revolutions 
In ii 1 1 .mil set the gap adjusting screw so that the gap between 
I'd spring cap and the high speed spring plunger is .001 
' in. h The gap may be measured with a .0015 or .002 inch 
inserted between cap and plunger. NOTE: If no feeler 
ilable, the gap setting may be roughly checked by insert- 
m - driver between the governor housing and gap adjusting 

I Mm I using it as a lever. When gap is properly set, the move- 
1 • ■ n rap and plunger will be barely perceptible when the 
I rinsed with the screwdriver, with engine running be- 
nd IO00 revolutions per minute. 

»n the locknut each time before checking the gap set- 






||,.|. 

ii 



ie engine and install the link and the governor cover. 

injector racks must be re-positioned (par. 49 h) after 
i I >een set. 

I i. run- idle speed adjustment. The correct idling speed is 
iM.lniums per minute (minimum). It is highly important that 
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i! hi,- Bpeeds for the two engines be equalized. To equalize 
follow the procedure for throttle linkage adjustment and 
Knlzing engines given in paragraph 89. When the throttle 
| . correctly adjusted, changes in the idling speed of the 
i. |ro effected by means of governor adjustments as follows: 

li, ve the spring cover at the rear of the governor control 

.,■ -.posing the idle-adjusting screw. 

I losen locknut and back out the buffer screw until it projects 
lull from the governor housing. 

i hi .-ngine and warm up to operating temperature. 

Hove governor control lever to set against the idling stop in 
Btrol ram, and let engine run at idle. If engine gallops, after 
become thoroughly warmed up, gradually turn the buffer 
Until the engine roll disappears, or nearly disappears. 

I ii mi the idle-adjusting screw in or out to set the idling speed 

iic at 400 revolutions per minute. (Neither engine should 

i, [dk at less than 400 revolutions per minute. Since engine 

I Ih exactly synchronized, the speed of the slower engine must 

H)0, while the other engine may be slightly faster.) 



Adjust buffer screw (see following) . 

| HulTer screw adjustment (fig. 46). The purpose of the buf- 

.i. I justment is to prevent low speed engine roll and stalling. 

Ml I ii nl (after the screw has been backed out as directed for low 

i uljustment in the preceding paragraph), turn the buffer 

In l«. bring the idle roll to a minimum. CAUTION: Do not 

the idling speed of the engine by more than 20 revolutions per 

mIIi the buffer screw adjustment, or it may be impossible to 

In n I lie engine, 

ra) When the adjustments are completed, install the spring 
. iivn h lie-adjusting screw. 

•I (inventor weight and housing assembly removal and inspection 
• and 53). To remove the governor weight and housing 
My, lirst remove the governor control housing assembly (par. 
lilt i n 1 1 1 1 i iroceed as follows : 
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GOVERNOR WEIGHT 
HOUSING 



LOW SPEED 
WEIGHT 




GOVERNOR 
SHAFT THRUST BEARM 



GOVERNOR WEIGHT 
SHAFT (SPLINED END 



GOVERNOR WEIGHT CARRIER 



RA PD 1 1 H| 

Figure 52 — Governor Weight and Housing Assembly 

(1) Remove the middle air cleaner and the one nearest the jrirft 
ernor. 

(2) Remove the six bolts which attach the weight housing to thft 
blower ( '/2-inch box wrench). 

(3) Separate the governor weight shaft from the front blow* 
shaft by pulling the assembly straight out (fig. 53) , 

(4) Check condition of bearings. 

(5) Check operation of weights to see that they move freely. 

(6) Check the riser to see that it moves freely on the shaft. 
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jy* BLOWER 
' ASSEMBLY 



SERRATED END 
OF SHAFT 



WEIGHTS 



GOVERNOR WEIGHT 

AND HOUSING 

ASSEMBLY 



RA PD 11004 

Figure 53 — Removal of Governor Weight and Housing Assembly 

i i ) NOTE: Should parts need replacement or service, notify ord- 
■Hi • •• maintenance personnel. 

(K) Iteplace by reversing steps (1), (2), and (3), CAUTION: 
Mi. hall thrust bearing 1 and the thrust washer must be between 
Mm* v<»ke of the vertical operating arm lever and the sliding sleeve 
I (Hurt) on the weight carrier shaft. (See fig. 50). 

i I ENGINE TUNE-UP. 

Ii-uld engine performance indicate the need for a general engine 
■ up, the following operations should be performed : 

i ( lean fuel filters (par. 75 d and e) . 

It. (heck fuel pressure, 

1 1 I liemove pipe plug from front end of upper fuel manifold. 
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(2) Attach pressure gage to pipe connection with a short lenirll 
of tubing. 

(3) Measure fuel pressure at engine speed of 2000 to 2100 revolii 
tions per minute. A fuel pressure of at least 25 pound per squil 
inch should be maintained. If the fuel pressure is low, check for: 

(a) Insufficient fuel in tanks. 

(b) Air being drawn into the fuel system, inspect for leak \\ 
fuel connections from the tank to the fuel pump, at the bowl ga.sk 2 
of the primary fuel filter (par. 75 d) on the bulkhead, and at fittinl 
for air heater lines. 

(c) Clogged fuel filter elements. 

(d) Partly plugged fuel lines (ice or dirt) . 

(e) Faulty fuel oil pumps. (See par. 55 d.) 

c. Adjust valve lash (par. 48 c) . 

d. Time injectors and adjust injector racks (par 49 f and li)J 

e. Adjust buffer screw (par. 50 c (3)). 

f. Check governor control of injector racks. 

i ) Start the engine and idle at 1000 revolutions per minute for 
' : 'v minutes, 

(*) Drop speed to normal idling speed and then quickly thrJ 
the mrottle to full throttle position, pushing on the control tul.e 
lever with the finger to move the injector racks farther toward lull 
throttle position. (This operation must be executed quickly beforj 
the engine comes up to the governed speed.) If the governor low! 
speed plunger gap adjustment and rack setting are correct, pushimi 
on the control tube will not move the injector racks. Next, test as in 
g, following. 

♦■ S " ml'i 6 K° vernor for no fuel Position during engine decelerj 
tjon. Vvith the engine running at maximum speed, quickly move tli, 
throttle lever to the idling position. The injector racks should move! 
all the way in to the no fuel position, if the buffer screw ad Justine..! 
is correct. Check to make sure that the fuel is cut off by watchinj 
the exhaust while the engine is slowing down from full speed There 
should be no visible exhaust, and no sound of engine firing. If thai 
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. i. . continue firing, and if the exhaust is blue, the buffer screw 
-til should be corrected (par. 50 c (3) ). 

It (heck lubricating oil pressure. The oil pressure gage on the 
hiiiii.iit panel should register 30 pounds (minimum) at 2100 
UUihis per minute. Low oil pressure indicates one or more of 
1 il lowing conditions: 

ill Oil supply low. 

I (It) Crankcase oil diluted by fuel. Check odor of oil in crankcase 
>s of fuel. If fuel is present in crankcase, check for fuel leaks 
i >i (2)). 

Improper lubricant. (See Lubrication Guide, par. 26.) 

ii Crankshaft or connecting rod bearings worn, (Notify ord- 
i Maintenance personnel.) 

i 1 1 (HI pressure regulator valve sticking. (See par. 59 d.) 

[Ill Oil scavenger pump intake screens clogged. Remove and clean 

m.i par. 59 c). 

I (7) Oil cooler clogged. Replace. (See par. 61 b.) 

I Oil pump drive inoperative. Remove oil pan (par. 58b) 

in i" • i oil pump drive. (If service is needed, notify ordnan'. main- 
nice personnel.) 

i»i oil lines clogged or improperly tightened, or broken gaskets 
| pipes. Remove oil pan (par. 58 b), inspect gaskets, tighten eon- 
I idii If oil lines are clogged because of dirty and sludging oil, 
lubricating system should be thoroughly purged (par. 25 b) . 

I Replace oil filter element (par. (JO b). 

I Cheek thermostat. If water temperature remains below 165 F 
1 7 I C). the thermostats should be inspected. 

ih I Irain the cooling system (par. 80 d) . 

i !) Remove the thermostat housing (par. 70 c) and lift thermo- 
• il out of seats for inspection (see fig. 68). 

i,i I Thermostat valves should be fully closed and seated at tem- 
, . t hi vs below 158 F (70C). 

175 






TM 9-73 IB 
f 51-52 






MEDIUM TANK, M4A2 



(b) Thermostat valve should be wide open {'%-inch) at 1HR I 
(85 C). 

(3) Thermostats that do not close or open fully at the given In. 
perature should be replaced, 

52. STARTING MOTORS. 

a. Description. Each engine has its separate starting motor, 
Delco-Remy 24-volt heavy-duty unit mounted on the outer sidtt of 
the engine at the rear (fig. 23). The starters are controlled by mean 
of starting buttons, one for each engine, on the instrument purm 
(fig. 7). To facilitate engine trouble-shooting and tune-up, auxjlijtfi 
starting switches (see fig. 30) are provided in the engine compwl 
ment on the filter panel. 

b. Starter replacement. If the starter fails to function, first v\mK 
the battery and its connections. If the starter requires replacemuij 
proceed as follows : 



SHIFT LEVER 



SHIFT LEVER 
PIN 



SOLENOID SWITCH 
ASSEMBLY 




SOLENOID SWITCH 
CONNECTOR CABLE 



SHIELDING 



RA PD Jit IN 



Figure 54 — Removal of Engine Starting Motor 
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< I ) Disconnect cables from battery. 

(2) Disconnect yellow wire with black tracer from the starter 
ttltuioid (fig. 54), 

' '■) Remove the inspection plate (par. 71 b (2)) beneath the en- 
I rom which the starter is to be removed. 

( I ) Drain oil from the engine oil pan and from the lubricating oil 
(par. 25 b). 

i) Remove the two flexible oil sump lines underneath engine 
frimi 1 he oil tank and the oil pan. 

<r») Remove the three mounting bolts at the rear of the starter 
•ftpinhly (%-inch open-end or box wrench). The top bolt can be 
hmii.ved from the top of the engine by removing the middle and the 

nl air cleaners. Cover open air intake. The lower two bolts are 
■ " li'-il from beneath the engine. 

> Remove clip holding shielded battery cable to bottom of 
DIM I lie ( '/^-inch socket wrench). 

in) Lift the starter toward the fan end of the engine until it is 
-, Hi en lower it through the inspection plate opening, without 
ing shielding and cable. 

r»> Remove, by hand, the knurled terminal shield from cap at 
" - front end of the solenoid assembly, beneath the starter cable 
•In. Ming. 

(10) Remove the nut (%-inch socket and ratchet-handle 
li) and lock washer recessed into the opening from which the 

!■•« I terminal shield cap has just been removed. (This nut holds 
(lip I .all cry cable clip to the solenoid terminal stud.) 

(11) Loosen, by hand, the knurled nut which holds the cable 
1 " Ming to the solenoid assembly. Retract the shielding, then pull 
III I ho battery cable, being careful not to cut through insulation. 

ftp l.uter assembly is now completely detached. 

(12) To install the starter assembly, reverse the order of the 

• r."ing, 

■ To replace starter solenoid and switch assembly (fig. 54). 
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{1) Remove starter assembly (par. 52 b) . 

(2) Remove cotter pin and disconnect shift lever links from 
starter shift lever. 

(3) Remove the four mounting screws (%-inch wrench) hokhnji 
the solenoid to the starter assembly, and remove the solenoid anil 
switch assembly. 

(4) Reassemble by reversing the foregoing. 

d. Lubrication, The starting motor should be lubricated by 
ordnance maintenance personnel whenever the engine or starter in 
removed from the engine compartment. There are three oilinfl 
points— one at each end of the starter, and one inside the engiiw 
flywheel housing, reached by removing a plug. CAUTION: Do in>i 
over-oil the starter. Never put oil on the commutator or brushes, 

53, AIR HEATERS. 

a. Description. 

(1) Auxiliary starting equipment is not necessary for start) nu 
at temperatures above 40 F (5 C). For starting at lower tempera- 
tures, two air heaters (see fig. 24) are provided for each engine, 
The heaters are operated while the engine is ci*anked with tin 
stai'ter to provide immediate engine response. The air heater ia 
essentially a small pressure oil burner with electric ignition, mount- 
ed in the engine air box. Air for combustion is obtained from thn 
engine blower, and the flame-heated air is forced directly into tho 
cylinders. 

(2) Each air heater consists of three units. One comprises tln» 
hand-pressure pump and ignition switch, mounted on the instru* 
ment panel (fig. 7). The second contains the burner nozzle, filter, 
and ignition electrode. (There are two of these heaters per engine, 
one mounted on the second hand hole cover plate and the other oil 
the fifth.) The third unit is a high tension ignition coil, mounted ofl 
the filter panel (fig. 71) in the engine compartment. 

(3) The hand pump supplies fuel under pressure to the burner 
unit. A firm hand pressure of ten pounds or over on the pump 
plunger knob will deliver finely atomized fuel, which is ignited by 
the spark at the electrodes of the burner. The engine usually starl 
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Irlng during the first or second pumping stroke in combination 

* Mli the starter. At low temperatures, the engine may require con- 

iiiucri help from the air heater until the engine develops sufficient 

r to run unassisted. Under these conditions, it is advisable to 

tau.se briefly at the end of each pumping stroke, to allow the engine 

mil to absorb the heat generated. At temperatures of 10 F (-12 C) 

i lower, the heaters should be kept in operation until all engine 

by tin tiers are firing. 

1 1. Maintenance. Should an air heater fail to function, remove the 
MMi'iiiblv, containing the burner nozzle, filter, and ignition plug, for 
1 1 1 lion and service or replacement. If the nozzle is plugged or 
"i are damaged, the assembly should be replaced. 

r. Replace air heater. 

1 1 ) Remove air heater coil (see fig. 71 ) . 

In) Remove the two bolts that hold the cover to the coil. 

|l») Remove the leads and the coil. 

■ i Remove air heater unit (see fig. 24). (The following steps 
tyiply to either air heater of either engine, as installed in the second 
• h.I fifth hand holes.) 

(n i Remove the inspection plate beneath the engine opposite the 
WiKinc from which air heater is to be removed. 

il>) Remove the two bolts holding the air heater cover to the air 
r body (i/o-inch socket wrench). 

(i ) Remove the bolt, slotted or hex head (screwdriver or T Vinch 
ii end wrench) and the clip holding the fuel inlet tubes to the air 
i body. 

(«l) Disconnect the couplings at both ends of the tubes (-^-inch 
t-nd wrench) and remove the tubes. 

(p) Remove the bolts, lock washers, and copper gaskets from the 
heater body (9/16-inch socket wrench). Remove the air heater 
I - from the engine block. 

1 1 1 Install by reversing the preceding steps, using a new copper 

J 14 -illl'l . 
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a. Description. One 24-volt 1200-watt generator is pro\ I 
each engine. It is mounted on the flywheel housing- (see fig*. 2 
driven from the blower drive shaft at 1.95 times engine sptiQfl 

b. Lubrication. One grease cup, reached from the fighting 
partment, is provided for generator lubrication. The cup shfl| 
turned down one full turn every 1000 miles or 100 hours of j 
operation, and refilled with grease (general purpose, No. 2)J 
oil the commutator. 
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LA ENGINE 
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TRANSMISSION OIL COfl 
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ra m ■ 

Figure 55 — LA Engine Generator as Seen from Turret Platfoim J 
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Nil replacement. The procedure for generator replace- 
lln iijtinc for both engines, except that to remove the LC 
>i r it is necessary to remove the auxiliary generator 
K> i .. |.;u-. 71 b (28)). 
| lb mt»\;il. 

•i • uiiiu'ct cables from battery. 

i king through opening in turret basket (see fig'. 55), 

knurled cap nut and the knurled nut on the shielding 

i llic Irrminal nut (9/16-inch socket wrench) on top of the 

< shielded cable from terminal on side of generator 
up out of the way. 

vc the nuts and lock washers from the four through 

• i two studs (two 9/16-inch open-end wrenches) which hold 
.i'ii- to the engine. (Bolt heads must be held from the 
Lment side.) 

(ill ii K' i the generator through opening in turret basket. 

Wfl opening into engine with suitable covering. 

lliHimve coupling ring. 

I lliMiiiivc gasket. 

|n i. illation of generator. To install generator, use a new 
ill it verse the steps for removal. 

i irl/ing generator. The generator field coils must be polar- 
«i- the field coil lead has been disconnected, to be sure 
i iterator has the correct polarity in relation to direction 
rotation. Polarizing must be done before engine is 
• i i hIiiit to do this will result in serious damage. 

I 1 1. «\ rise turret to obtain access to radio filter at top of 

I i..., 

move radio filter face plate (three screws). 

< I jumper wire (long enough to reach field terminal on 

<ii. generator) to battery terminal at bottom of radio filter. 

|l meet generator wire from generator field terminal. 

Momentarily touch jumper wire to generator field terminal 
mi.Ii li contact, (CAUTION: Do not maintain the contact.) 
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This operation allows a surge {or Hash) of current to tlou f„ 
generator field windings, which correctly polarizes the genei 

(6) Connect generator wire. 

(7) Remove jumper wire from radio filter battery terminal 

(8) Replace face plate on radio filter. 

55. FUEL PUMP. 

a. A vane type rotary fuel pump is bolted to the rear end of Ifl 
blower housing of each engine. It lias a capacity of about 10 g:, 
per hour. 

b. At the 50-hour inspection, check for leakage at the joint* J 
fittings. 

c. Before the fuel pump is adjudged the cause of insufficient ij 
intake lines should be checked for leaks, and the fuel mvv,,,J 
should be checked (par. 51 b). If the fuel pressure is less thai 
pounds at 2100 revolutions per minute, inspect primary and I 
ondary fuel filters, and service them if necessary (par. 75 d and •)] 

d. To replace the fuel pump. Should the fuel pump fail to sui.il 
a sufficient quantity of fuel, the pump should be replaced will, . 
unit in good operating condition. The procedure is as follows: 

(1 ) Remove the three air cleaners from the engine. 

(2) Disconnect the fuel pump lines (34-inch and %-inch n 

end wrench) and move them out of the way. 

(&) Remove the three bolts and lock washers which hold I 
fuel pump to the blower («/ 2 -inch open-end wrench, and special fill 
pump wrench KMO 326- A (see fig. 22) ) . 

(4) Remove the fuel pump and the fuel pump coupling fork J 
pulling .the assembly toward the rear of the engine and lifting |( 
upward and out. Exercise caution not to drop the coupling fork. 

(5) Remove the gasket. 

gasket RePlaCe ^ reVerSin8 ' the P recedin £ ste Ps> installing a new 

56. FUEL OIL MANIFOLDS. 

a. Description. The fuel pump supplies fuel to the injector fu«.| 
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Figure 56 — Removal of Fuel Oil Manifold 
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pipes through the lower of two fuel manifolds, which are locaB 
on the side of the cylinder head (fig. 56). The upper manifold IrjiJ 
the excess fuel from the injectors to the return fuel line and than 
to the fuel tank. 

b. Maintenance. Fuel connectors, which fit into tapered seat* ■ 
the manifold fittings, lock the fuel oil manifolds in position, tU 
connectors must be removed whenever it is necessary to chniigl 
a fuel manifold. Any leakage from the tapered seats would 9 
noticeable on the outside of the cylinder head, since lock nuts urn 
topper washers on tiie connectors prevent leakage inside the cytH 
der head. 

c. Replacement of fuel oil manifolds (fig. 56). The following a(H 
apply to the replacement of the return (upper) fuel manifold. (M 
(9) below for replacement of the supply (lower) manifold.) 

(1) Close fuel tank selector valve and remove the secondary liltdj 
assembly by backing out the hexagon nut (l'/jrinch open^H 
wrench) beneath the assembly. 

(2) Remove the rocker arm cover. 

(3) Disconnect the fuel line from the rear end of the maim 
(|/2-inch open-end wrench). 

(4) Loosen the hexagon nuts holding the six outlet fuel pipes al tbi 
injector and disconnect the nuts holding the pipes to the fuel r(M 
nectors (^-inch open-end wrench). Swing pipes away from conneekij 
NOTE: The outlet fuel pipe for each injector is- the one toward IM 
flywheel end of the engine. 

(5) Loosen the lock nuts on the fuel connectors (^6-inch deep sockfl 
wrench). 

(6) Remove the fuel connectors (Ifc-inch box wrench) and the c<.|.|h 
washers. Always use new washers when connectors are replaced. 

(7) Slide the manifold outward until it can be readily lifted out M 
the engine compartment. 

(8) Install the return fuel manifold by reversing the preceding stun 
NOTE; When installing fuel connectors for either manifold, first \*M 
them in place finger-tight only, making sure that the connectors .ui 
firmly in the manifold. When all are in place, tighten them securiijj 
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1 1 mi" from both ends of the manifold toward the middle, and tighten 
!•" I nuts against the copper washers, 

i flic supply (lower) manifold is replaced in the same manner as 

i • i urn (upper) manifold, except that at each' injector the fuel 

i nd I he fuel connector toward the front of the engine are to be dis- 

I and removed, respectively. NOTE: it may be necessary to 

m\« i fie governor control housing (see par. 50 b). 

11 I A UTION : Before replacing rocker arm cover, start engine and 

Hi 1 1 about 2000 rpm. See that all fuel line connections are tight, 

no fuel oil can leak into the cylinder head and dilute the lubri- 

I, If the lubricating oil is diluted with fuel oil, engine bearings 

In eriously damaged. Check for fuel leaks at injector fuel, pipe 

ins, at connector lock nut, copper washer, and at the fuel 

id >l< I holes on the outside of the cylinder head. 

|N(JNE LUBRICATION AND LUBRICANTS. 

Hpecifications. See paragraph 26, Lubrication Instructions. 

1 l n^ine lubrication system (see fig. 15). 

1 1 Positive lubrication of each engine is provided by a system 

I | iinr of an oil pump, an oil cooler, and two od filters. {An oil 

bin 1 1' T (see par. 60) is incorporated in late models.) A relief valve, 

n the oil pump, safeguards the system against excessive pres- 

uid an oil pressure regulator valve, attached to the rear of the 

I i block on the oil pan bolting flange, maintains a constant pres- 

II I he oil lines. 

\ by-pass valve in the oil cooler adapter, between the oil pump 
il i In- oil cooler, by-passes oil directly into the engine lubrication 
H'. whenever the pressure at the oil cooler inlet becomes 40 pounds 
• Mian the pressure at the cooler outlet. 

|) The oil pump assembly consists of one pressure pump and two 
teiiH'in.L' pumps. The pressure pump draws oil from the external 

Jjilv lank and forces it through the oil cooler and strainer to the main 
till i,v in the cylinder block. The two scavenging pumps draw oil 
intake screens from the two sumps in the oil pan and return 
n hi i In- external supply tank. 

i \ i [Kirs are removed from the crankcase, gear train housing, and 
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Figure 57 — Engine Oil Pan 
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t iimpartments, by a continuous ventilation system. A slight 
in is maintained in the crankease by the seepage past the pistons 
'I volume of fresh air from the air box. This air passes through 
i rtuwVase and gear train housing, and then into the valve compart- 

I l.\ way of a small hollow casting connecting the top of the fly- 
1 housing to the rear corner of the cylinder head. Ventilating air is 
H--..I from the cylinder head valve compartment through a vent 

.'.(• from the governor control housing. With the first type air 
■ i I he vent is a hose leading through the sponson plate; with the 
ii-l ly|>e air cleaners, the vent is a casting, leading to the louvers 
lo. 1 air cleaner. 

DIK PAN (fig. 57). 
Access. 

I The oil pan at the bottom of each engine can be reached through 
polling in the bottom of the tank hull, upon removing a bolted -on 
p lion plate. 

Removal of oil pan. 

Remove the bottom inspection plate (par. 71b (2)), underneath 
"i I i Km to be removed. 

Remove drain plug covers and drain oil tank. 

I I I )i;isn the oil pan sumps by removing plugs. 

1 1 Remove oil inlet and outlet elbows from oil pan. 

Remove bolts, with their lock washers, which hold the oil pan 
■ crankease (H-inch socket wrench). 

Drop the pan. (If the pan sticks in place, tap smartly on the 
ivilli a soft hammer.) 

i Krmove the gasket from the pan or cylinder block flange. 

| Install oil pan by reversing the preceding steps, first shellacking 
i ket to the oil pan and cleaning the cylinder block flange. 

1 < Al'TION: When installing oil pan elbow gaskets, make sure 
i. used side is against oil pan, rings in holes and flat side against 
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188 



TM 9-/3 IB 
1 59 

POWER UNIT 

LUBRICATING OIL PUMP (fig. 58). 

I Description. The gear- type oil pump is mounted inside the front 

mp of (.he oil pan, supported on the front two main bearing caps. The 

• i combines three gear-type pump units. The center (scavenger) 

draws oil from the front sump of the oil pan and the rear (scav- 

i.ih i i pump draws oil from the rear sump; both scavenger pumps 

■Hi I he oil to the supply tank outside the engine. The front (pressure) 

pump draws oil directly from the supply tank. It incorporates a 

ype relief valve, which by-passes oil to the intake side of the 

■ase of excessive back pressure. The oil pump is driven from 

haft by a train of three spur gears. This combination scavenger 

nit pressure system permits operation of the engine on a slope up to 

■es in any direction. 

It. Replacement (fig. 58). 

i Remove the oil pan (par. 58 b). 

i [) Remove the two capscrews holding the rear scavenger pump 
i- pipe bolting flange to the pump body. 

I Hi Remove the rear scavenger intake pipe clip eapscrew at No. 5 
hearing cap, and remove the intake pipe and screen. 

1 1 Remove bolts (lock washers) which attach the pressure pump 
huiIh pipe to the cylinder block and oil pump. 

i. LVmove the four bolts (%-inch wrench) holding the oil pump 
■•mbly to the No. 1 and No. 2 main bearing caps. (Support the pump 
Miili' removing the bolts.) 

fl Remove the oil pump assembly, with the outlet pipe. 

1 1 ) Install the oil pump by reversing these steps. NOTE: See that 
in' gears have backlash, that is, a very slight play between the 
on the oil pump rear and idler gear. If necessary, shift pump on 
• i. ports to obtain this play. 

iKi Willi pump properly located and both gaskets affixed to flanges, 
iMrmhle outlet pipe, tightening screws into cylinder block and pump 
1 i . 1 1 1 f rnately so that pipe is free from strain. 

i To clean scavenger oil pump intake screens (fig, 58). After the 
in has been removed (par. 58 b), each intake sereen may be cleaned. 
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(1) Remove the two bolts (lockwashers) which hold the screen to i || 
oil pump or to the rear scavenger pump intake pipe, and remove scn*d 

(2) Clean the screen with a brush and fuel oil or kerosene. 

(3) Install screen, lockwashers, and bolts. 

d. To inspect oil pressure regulator valve (fig. 58 i. The oil prv 
regulator valve should be inspected whenever the oil pan is rein- 
Remove the two bolls (lockwashers) and valve from the cylinder hUfM 
and test valve plunger for free action. Remove the old gasket, and uwl 
new one when installing the valve. 

60. FILTERS AND STRAINER, 

a. Purpose. To protect bearings and bearing surfaces from dumuft 
due to foreign particles in the lubricating oil, and to prevent do 
of oil passages, the lubricating oil circulating system for each engj 
incorporates two oil filters. In later models, an oil strainer is inr-liulii 
in addition to the filters. 
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Figure 59 — Lubricating Oil Strainer 
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!► Maintenance. Both the strainer and the filters should be main- 
iiiiii'il in efficient operating condition by frequent attention. 

■ 1 | Lubricating oil filters (fig. 30). 

«n i Description. Two AC senior military (replaceable element type) 

lliricnling oil filters are provided for each engine. The four filters are 

iled on the accessory panel in the engine compartment. Oil is 

||m*c! i see fig. 15) to each filter from one of the oil passages in the 

linder block, and returns via the filter clean-oil discharge pipe to the 

if; of the engine oil pan. 

fc) To change filter element. The filter element in each oil filter 
I i li< i changed at oil change periods; it cannot be cleaned. To change 
it element: 

I. Slop engine. (It is desirable that the engine be hot, to prevent ex- 
iM.ivc loss of oil when the element is withdrawn from the filter housing.) 

' Kemove the housing cover by loosening the retainer nut at the top. 

i Withdraw the filter element, with the element seating spring. 

i 1 1 the housing contains appreciable sludge, flush it out with fuel 
till nfler removing the drain plug near the bottom of the housing. 

B, Install a new filter element on the center stud in the housing, with 
1 1, i small end of the seating spring turned up. 

il, Install the housing cover gasket. 

/ I 'lit on the housing cover. (Be sure the seating spring is in place, 
1 1 the filter element will be properly positioned.) 

H, I )raw the retainer nut snug against the nut gasket, but not tight 
nil to bend the cover. 

!i. Run engine at 1000 rpm and examine cover for oil leaks. 

Lubricating oil strainer (fig. 59). 

i Description. All the oil drawn from the supply tank by the 
i ■■ ore pump is forced through the oil strainer, between the pump and 

limine oil cooler (see fig. 15), except when the strainer and cooler 

■ > in I valve opens (because of clogged strainer or oil cooler) and permits 

i in «>il io flow directly into the engine oil gallery. The strainer consists 

i i housing enclosing a strainer element. The housing and strainer are 
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held by a retaining bolt, which runs through both, and screws onti 
shorter retaining bolt which passes through the oil cooler adap 
housing. Oil discharged from the pressure pump is led into the hou« 
and is forced through the .005-inch openings in the strainer, wl 
retains any larger particles on its outer surface. Whenever the strain* 
coats up rapidly with carbon and sludge deposits, it is an indicat 
that the lubricating oil in use is unsuitable. 

(b) Cleaning oil strainer. The lubricating oil strainer should 
cleaned after the first 50 hours or 500 miles of operation, and thereaftj 
as its condition indicates. To clean the strainer, proceed as followH: 

1. Remove plug and drain oil from oil cooler adapter. 

2. Loosen retainer at the samll end of the strainer housing by turn! 
the bolt head counterclockwise. 

3. Pull housing, strainer, retainer, and retainer gasket away from 
cooler adapter. 

4. Remove strainer element from retainer and thoroughly wan 
inner and outer surfaces by rinsing in clean fuel oil. Do not use MlilT 
wire brush for cleaning. A fine wire or a bristle brush will be satisfactory. 
Be sure strainer is clean before reinstalling it. 

5. Remove all sludge from inside of housing. 

6. Examine large circular composition gasket — embedded in ml 
cooler adapter against which the strainer housing seats. If gaskel m 
damaged so that tight seal cannot be maintained, replace gasket. 

7. Position strainer collar into oil cooler adapter. 

8. Install housing over strainer. 

9. Install new gasket under head of retainer, insert retainer through 
small end of housing, and tighten it securely. 

10. Replace oil drain plug. 

11. After starting engine, check for oil leaks. 

61. LUBRICATING OIL COOLER. 

a. Description. Each engine is equipped with an oil cooler (aof.j 
fig. 23). The pressure pump forces oil through the passages of the oil 
cooler unit, which resembles in construction the radiator core of ;in 
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Figure 60 — Removal of Engine Oil Cooler 



.bile. At the same time, water from the cooling system circulates 
ii the thin-walled oil passages. When the oi! is hotter than the 
some of its heat is transferred to the water. During the engine 
ip period, the water trapped in the cylinder block by the thermo- 
■jirms up rapidly, and since it circulates through the oil cooler by 
i he water by-pass tube, it serves to raise the engine oil tempera- 
mkly, thus promoting engine efficiency. An oil cooler by-pass 
par, 58 b (2) ) is provided to let the oil by-pass the cooler, 
l he cooler become clogged, 

I. lU-place the oil cooler (fig. 60). The oil cooler may be removed 
hlli I he engine in place in the tank, provided certain other units are 
removed. To remove cooler: 

< 1 1 I irain cooling system (par. 80 d). 
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(2) Remove the fuel tank (par. 76 c) adjacent to the oil 
(NOTE: In some models, it is not necessary to remove tank.) 



Ml 



(3) Remove the two bolts holding the flange of the water connfl 
(from the radiator) to the lower end of the cooler ( r> s -inch box wri'iiuj 

(4) Remove the two bolts which hold flange of the water by-jM 
tube (from the thermostat housing) to the oil cooler (3^-inch miiiw 
and ratchet handle wrench). 

(5) Disconnect water pump drain tube running from back ofl 
cooler to the water pump housing. 

(6) Disconnect the clip holding the water drain valve control roil | 
the governor housing. 

(7) Unscrew the eight bolts (six on the outside and two on the ftfl 
from the oil cooler adapter and cooler housing respectively (,'--£•■ 
wrench). Remove the cooler by sliding it away from the adaptor | 
the engine and lift out. CAUTION: When withdrawing the oil vofM 
be careful not to drop or damage the cooling unit. 

(8) When removed, the oil cooler should be cleaned out, prHWulA 
by a jet of steam mixed with a soapy solution. If steam cannot be u • 
submerge the cooler unit in a vessel containing carbon i.etnu-lil"i 
(or other solvent), and force the liquid back and forth through I 
plates. (Use carbon tetrachloride only in the open air or in well unl 
lated space; its fumes should not be breathed.) 

(9) Install the oil cooler by reversing the preceding steps. UatJ 
gaskets at all points. (Shellac gaskets on the oil cooler side, and if 
cooler before the shellac dries.) 

c. Removal of oil cooler by -pass valve. The engine lubricati 
cooler by-pass valve is mounted in the engine oil cooler adaph 
early models, not equipped with the lubricating oil strainer, the l» 
valve is on the side of the adapter. On later models, the valve is i 
of the adapter. Upon removing the oil cooler (and /or adapter), 
to be sure by-pass oil passages are clear and that the by-pass 
operates freely. To remove by-pass valve from adapter: 

(1) Remove hexagonal head plug. 

(2) Remove special gasket. 

(3) Lift out oil pressure relief valve spring. 
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i -I j Remove valve plunger. 

< i lean parts and install by reversing procedure. NOTE: Be sure 
Imi all parts are seating properly and that by-pass valve is closed, so 
Rluti i>il will circulate through oil cooler. 

» ' LUBRICATING OIL TANK (fig. 18). 

« K.i.-h engine has its separate oil tank, filled through a filler hole on 

I iiwii side of the tank in back of the turret (see fig. 26). 

b. Oil tank replacement. Either lubricating oil tank can be replaced 
[toll In nil- removing the engine. Proceed as follows: 

1 1 1 Removal. 

nn Remove governor control housing (par. 50 b). 

(b) Remove the air intake housing (par. 63 b). 

I )rain the cooling system (par. 80 d). 

tl Remove the blower assembly (par. 65 b). 

oi Drain the lubricating oil tank (par. 25 b (1) and (2)). 

if > Detach the two oil sump lines from the oil tank (%-inch box or 
i nd wrench). 

Remove the breather hose which leads from the top of the fly- 
* hi'fl housing and gear train cover of the engine to the oil tank. 

(Ii ) I disconnect and remove the oil filler pipe. Loosen the clamp at the 
iik with a screwdriver and remove the two bolts (^-inch open-end 
ln>x wrench) which hold the upper end of the pipe to the hull. Cover 
lln filler pipe opening in the oil tank to keep out dirt. 

I (1) Disconnect the green lead from the oil level gage at the oil tank. 
-\ e the clamp immediately above, which holds wire shielding, and 
MiMvc shielding and lead to one side. (See fig. 18.) 

1 1 I Remove the strap which holds the tank in place by removing the 

I I .'nd bottom strap bolts ($£4nch open-end wrench). 

k) In addition to the bolts removed from the cover plate beneath 
lit* lubricating oil tank, two bolts which hold the tank at the bottom 
|U i he removed (%-inch open-end wrench). 
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(1) Close the fuel tank selector valve and remove the fuel pump j 
secondary fuel filter tube, together with clip that attaches if to hi 
drive bearing support (%-inch and »f fi -inch wrenches). 

(m) Remove the fire extinguisher tube by backing off the he* 
(1-inch open-end wrench) at each end. This tube is attache.! al Hi. i. t 
to a fitting near the bulkhead and at the bottom near the lower aifl 
the engine. 

(n) Remove the three mounting bolts (^-inch open-end and |J 
wrenches) at the rear of the starter assembly. The top bolt cj)H 
reached from the top of the engine, the lower two through the inspeoJ 
plate beneath the engine. 

(o) Slide the starter assembly back, lower it, and rest it on a li|J 
beneath the engine. Do not disconnect starter cable and shielding. 

(p) Turn the oil tank toward the space formerly occupied by ill 
starter (see fig. 18) and lift it out. 

(q) Install the tank by reversing the preceding steps. 

63. AIR INTAKE SYSTEM. 

a. Description (fig. 23). Three air cleaners on each engine n 

mist and dirt from the air before the air enters the blower. TheKoB 
cleaners are mounted on the air intake housing, which is attacliml | 
the blower housing. As each engine piston nears the end of its d<>w| 
stroke, a charge of air, forced into the cylinder by the blower, swJ 
the burnt gases out through the exhaust valve ports. At the beginriH 
of the compression stroke, the cylinder is filled with fresh clean ufl 

b. To replace air intake housing gaskets. 

(1) Remove the air cleaners (par. 64 c). 

(2) Disconnect wire from the emergency air shut-down valve m| 
noid. 

(3) Remove the two bolts which hold the fuel tank and lubric:ilin| 
oil tank center strap in place (££-inch wrench). (The lower bolt m9 
be reached from below the tank; therefore, the inspection plate bew-ulh 
the engine must first be removed.) Move the strap toward the reafl 
the tank a few inches. 

(4) Unscrew the six bolts and lockwashers which hold the iuUiH 
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ing to the blower housing (?ji r inch open-end wrench). (Bolts can 

il he removed from the intake housing until it has been removed from 

ink.) The three upper and the front and rear lower bolts are acces- 

llile from the top of the engine. The center lower bolt is accessible from 

Ihiu'.iiIi the engine. 

- Remove the air intake housing with the gasket, striker plate, and 
the air intake combination screen and gasket. 

((>] Install new gaskets as needed and reassemble, reversing the fore- 

I'-'iui 1 . 

i . Air box drains (see fig. 24). 

1 1 1 Description. In normal operation, a small volume of vapor from 
hi' charge condenses and settles to the floor of the air box, which 
In I he hollow part of the cylinder block surrounding the cylinders. To 
rlriiin off this condensation, and oil that enters through the cylinder 
purl . passages drilled in the ends of the cylinder block lead from the 
III h<ix floor to vents or openings below the floor on the outside of the 
U.i. I,, on the exhaust side of each engine. Each opening is fitted with 
. . •niineetion and a short length of tubing. CAUTION: Air box drains 
km i i be kept open to discharge freely at all times. If oil accumulates 
ii tin- air box, the engine may run away, damaging the injector tips 
iinl cylinder head. 

(2) Clearing drains. Whenever engine inspection plates are removed, 
. In •' k engine drains to be sure passages are clean. 

f.i ) With engines running, place ringer close to drain tube, [f a steady 
Umim of air can be felt, drains are open. If a slight flow of air is felt, 
ii air at all, drains are partly or wholly plugged. 

i I Put compressed air line on end of tube and blow out tube and 
i" lage. Repeat until line is cleared. (Engines can be left running or 
plopped during this operation.) 

(3) Servicing. The air boxes, drains, fittings, and tubes should be 
I p\ iced whenever the power unit is removed from the tank. 

(u) Remove hand hole cover plates on side of engine block, and in- 
Ijjwl air box for accumulation of liquid or sludge. Clean out air box 
Willi lint-free rags, then blow out air box with compressed air. 

1 1-) Remove drain connector and drain tube from vent, or opening, 
m lower part of cylinder block. 
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(c) With hand hole cover plates removed, blow out passages wll 
compressed air. 

(d) Disconnect connectors and tubes, clean thoroughly, and lilotf 
out with compressed air. 

(e) Reassemble connectors and tubing. Install assemblies in ;m \»>t 
vents or openings in cylinder block. 

(f) Install hand hole cover plates. 

64. AIR CLEANERS (fig. 61). 

a. Description. 

(1) Three oil-bath air cleaners are used on each engine, mount w| 
on the air intake housing. They are serviced through the engine cofl 
partment doors. Three types of air cleaners are in use. The first t ■ | 
single large, oval-shaped air intake port on its side. The second ii 
larger and has horizontal slots, or louvers, running completely an mini 
the lower housing, instead of an air intake port. The third typ«> I 
similar in appearance to the second, except that it has small vorliM 
oval ports, a spring clip on each side of the upper body, and heavtflf 
wings on the wing bolt. 

(2) NOTE: All six air cleaners on the power unit must be of idenl ufll 
type and size. 

(3) Each type cleaner consists of a metal wool or screen filter ofl 
ment supported inside a sheet, metal housing which contains a reservulf 
for oil. Air drawn into the cleaner by the blower passes through I Ho 
oil bath, where most of the dirt is trapped, then up through the HIGH 
element, which removes the remaining (finer) particles of dirt, nlM 
finally down the central duct to the blower. 

b. Maintenance. Air cleaners should be supplied with oil of thd 
same viscosity as is properly used in the engines at prevailing tempiTiU 
tures. In extremely cold weather, lighter oil may be necessary. The <fl 
reservoir should be cleaned and refilled daily when operating on du^fl 
roads, cross country, or in sandy regions, and at least 250 miles wln'il 
operating on paved roads or during wet weather. Desert operation lira 
operation under other extremely sandy or dusty conditions will neetJ 
sitate cleaning the air cleaners every eight hours, or more frequently ll* 
required, to maintain proper efficiency. NOTE: Under these condition! 
third type air cleaners must be cleaned every four hours or of tenor, t 
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(1) The first type air cleaner, with large, oval-shaped intake of "'"II 
on the side, should not have more than one quart of oil in its reserj 
CAUTION: Disregard (he oil level mark on the housing, and till M 
reservoir with just enough oil to cover the top of the bottom stu|il 
the reservoir, about %-inch below the oil level mark 

(2) The second, or slotted, type air cleaner requires 3>£ quart 
oil for each cleaner. Fill to oil level mark on the reservoir. 

(3) The third type (identified by small oval air inlet ports 
spring clip on each side of the cleaner) requires 2 l / 2 quarts of | 
each cleaner. Fill to oil level mark on the reservoir. 

(4) CAUTION: Filling any one of these air cleaners higher than d. I 
prescribed will cause oil to be drawn through the air cleaner infn n.« 
engine, resulting in detonation or smoky exhaust, and possibly a rfl 
away engine. 

c. Remove air cleaners. 

(1) Thoroughly wipe off outside of air cleaners, particularly al an i* 
take housing, to avoid danger of dropping dirt into air intake. 

(2) Loosen the wing bolts holding the air cleaners to the air in 
housing. 






... 



(3) Lift out the air cleaners one at a time, beginning with air clean* 

No. 2 (see fig. 25). CAUTION: Do not remove air cleaners with e. u 

running, and use care in removing so as not to spill oil out of reservojj 

(4) Cover the openings in the intake housing with a clean boaM 
plugs, tape, or other suitable cover to prevent dirt from entering blofl 
CAUTION: Do not use rags. 

d. Recondition air cleaners. Since the air cleaners are designe.l I, 
protect the engine against premature wear, they should be maintjH 
at peak efficiency by careful and thorough reconditioning, as follow! 

(1) Remove air cleaners (par. c preceding). 

(2) Disassemble air cleaner. (On second type, unscrew wing mil .-ifl* 
center bolt is removed, and pull body from reservoir. On third ly J 
after center stud is removed, release clips and pull off top of clean! 
assembly,) NOTE: Filter element cannot be removed from upper bdfl 
of second or third type cleaner. 
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I I With first type air cleaners, wash the filter element in clean Diesel 
fuel oil or gasoline, shake out, and drain dry. 

I To service the second and third type air cleaners, lift the upper 
body assembly from the oil cup. On third type, remove snap ring and 
baffle from oil cup. Scrape out dirt and replace baffle and snap ring 
washing oil cup, baffle, and snap ring in clean Diesel fuel oil or 
im inline. CAUTION: On third type cleaner, it is absolutely necessary 
lo change oil and thoroughly clean oil cup whenever (or before) the 
(^posited dirt in the bottom of the cup reaches a maximum depth of 
bne-half inch, or when the oil appears to be too thick or heavy to spray 
Pi circulate properly. Inspect and wash screen in upper body at least 
Bfice a week. Replace gasket, if necessary. NOTE: It is not possible to 
■ • place the rubber gasket on the bottom of the oil cup. If gasket is 
ilumaged, install a new oil cup. 

(5) On all air cleaners drain oil reservoir, remove sludge, and wipe 
rlran. 

if!) Refill oil reservoir of all type air cleaners with proper quantity of 
ml as prescribed in paragraph 64 b. CAUTION: Do not overfill. 

(7) Assemble air cleaner, making sure that all sections are seated, and 
thai gaskets and seals are in place. In type three air cleaners, be sure 
nil level is balanced on both sides of the baffle within the oil cup. 

c. Install air cleaners. Starting at either end, place air cleaners in 
position, using care not to spill oil out of reservoirs. Make sure cleaners 
ii' properly seated on intake housing. Tighten wing bolts. 

65. BLOWER (fig. 24). 

a, Description. The blower of each engine forces air into the cyl- 
inders, to sweep out burned gases through the exhaust valve ports, 
ni'l supply fresh air for combustion. Air enters the blower from the air- 
i lr,mers and air intake housing, and is picked up by the rotors and forced 
in I he discharge side of the blower. Rotors may be seriously damaged if 
dirt, dust, or other foreign matter enters the intake housing. Wipe off 
rxiorior of parts and cover the openings when servicing. 

I). Replace blower assembly (fig. 62). To replace the blower without 
removing the engine from the tank, it is necessary first to remove other 
mills from the engine, as outlined in the following procedures: 
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(1) Drain the cooling system (par. 80 d (1) and (2) ) and close M 
tank selector valve. 

(2) Remove air cleaners (par. 64 c). 

(3) Remove governor control housing assembly (par. 50 b). 

(4) Remove governor weight and housing assembly (par. 50 d). 

(5) Remove two bolts (lockwashers) which hold the water pumW 
discharge flange (see fig. 66) to the engine block (J^-inch open-..,i,| 
wrench on the upper bolt; i^-inch socket wrench with a 6-inch extern 
sion ratchet handle on the lower bolt). Leave the water pump seal M 
the pump assembly. 

(6) Disconnect the water by-pass tube at the water pump (W r -\wH 
wrench). 

(7) Remove the air intake housing (par, 63 b). 

(8) Cover the blower intake opening with a metal plate or olJiif 
protective covering to keep out foreign material. 

(9) Remove fuel lines from the fuel pump (%-inch and H-inch 
wrenches). 

(10) Remove the nut (lock washer) from the bolt which holds tlifl 
fuel pump drip shield (?f fl -inch f ^-inch drive socket and ratchet han.il,. 
wrench). 

(11) Remove the eight bolts (flat washers) which hold blower to \\m 
engine block (^-inch box wrench). NOTE: The four lower bolts dfl 
be reached only from the bottom of the engine compartment, which 
requires the removal of the inspection plate beneath the engine. 

(12) Pull the blower toward the rear of the tank so that the serial. -.1 
end of the blower driveshaft is pulled completely out of the blower 
timing gear (fig. 62), then tilt the driveshaft end of the blower upwi.nl 
until the assembly can be lifted from the engine compartment. 

(13) Install the blower with a new gasket (par. 65 c) by rever in 
the preceding steps. When installing the serrated end of the blower 
driveshaft into the blower rotor gear, rotate blower rotors until Lhi 
shaft slides freely into the gear. 

(14) CAUTION: Do not permit weight of the blower to rest on I ho J 
driveshaft, to avoid damaging the shaft. Rest the blower housing flani(|I 
on the upper edge of the cylinder block. 
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c. Replace blower gasket The blower- to-engine-bloek gasket shoul 
be replaced whenever the blower housing is removed or whenever gaskl I 
leaks are evident. Follow these steps: 

(1) Remove the blower (par. 65 b). 

(2) Remove the old gasket and clean the mounting surfaces of 
blower housing and the engine block. 

(3) Shellac the new gasket to the engine block. (Allow shellac t| 
become tacky, but not dry, before installing the blower assembly. 

(4) Install the blower assembly (par. 65 b). 

d. Replace blower driveshaft. The blower driveshaft may be readil, 
replaced upon removing either the blower (par. 65 b) or the general <u 
(par, 54 c). The easier method is to remove the generator. When I he 
blower or the generator is removed, the splined blower driveshaft in;iv 
readily be withdrawn from the blower rotor gear hub and the genera im 
coupling. 

66. ENGINE SHUT-DOWN VALVE (fig. 24). 

a. Description. The air intake of each engine is equipped with a 
emergency engine shut-down valve, controlled by a solenoid. There 
an emergency stop button on the instrument panel for each enginj 
When the button is pressed, the solenoid closes the valve, which preJ 
vents air from entering the blower, and thereby stops the engine. 
(The button must be held in till the engine stops.) CAUTION: ThH 
method of stopping the engine is for use only in case the engine cann.ji 
be stopped by means of the hand throttles. 

b. Replacement of solenoid. To replace the solenoid : 

(1) Remove the two air cleaners nearest the front of the engine 
(par. 64 c). 

(2) Disconnect the blue wire from the terminal on the top of the 
solenoid. 

(3) Remove the cotter pin and clevis pin from the solenoid clevis. 

(4) Remove the two mounting bolts (%-inch open-end wrench) and 
lift out the unit (see fig, 63). Note that one of the mounting bolts also 
holds the ground wire. 
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Figure 63 — Removal of Air Shut-Down Vahe So/eno/d 

i!.) Install the solenoid by reversing the foregoing stops, adjusting 
On unit, as outlined in c, next. 
. Adjustment of solenoid. It is important, when adjusting the 

id plunger, to make sure that the air shut-down valve closes 

More i he solenoid plunger reaches the bottom of its stroke. Make 
iisl.ment as follows: 

1 1 ( 'lose the air shut-down valve by hand and, with solenoid plunger 
>med in the housing, turn the clevis so that the holes line up with 
liic dole in the valve lever. 

When holes are in line, turn the clevis one-half to one turn 
lockwise, toward the solenoid. 
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(8) Insert the clevis end pin and cotter pin. 
i4i Tighten the lock nut on the clevis. 

MUFFLERS (fig. 64). 

I I Ascription. A muffler is provided for each engine. An elbow and 
I*iImm ,l pipe connect each exhaust manifold with the muffler support, 
Inch the mufflers are bolted. 

I. Replace mufflers. Either muffler may be replaced as follows: 

I Remove radiator (par. 81 b). 

■ Remove the muffler guard and deflector plate as a unit. 

i Remove the two long brackets holding the deflector plate to the 

li Remove the four short brackets supporting the muffler guard. 

h/ Remove the bolts holding the muffler guard to the hull. 

id > Remove muffler guard and deflector plate. 

I) Remove the four nuts (lockwashers) which hold the muffler to 
muffler support (^-inch box wrench). 

I M off the muffler. 

I nstall by reversing the preceding steps. 

FANS (figs. 23 and 65). 

.» Description, Each engine is equipped with a gear driven pusher- 

■ i •■ ■ 1 1 v i '-bladed built-up steel fan. The fans operate at 2.21 times engine 

■ ■ ' I . forcing air from the engine compartment out through the radi- 

i ores, to lower the temperature of the coolant as it moves through 

till cross-flow radiator. The fans revolve in opposite directions. Fan 

lliifi housings are marked with arrows showing direction of rotation. 

• \\ II ON: Use great care to mount fans on proper engines, because 

mounted on wrong engines will draw air into the engine compart- 

causing serious overheating. Fan assemblies are lubricated by 

I line leading from the engine oil gallery in the cylinder block to a 

at the side of the balance weight cover. Pressure lubrication 
• oil through the hollow idler gear shafts, idler gear bushings, and 
(rilled gears, to the gear teeth. Splash off the gear teeth lubricates the 
ki ihaft bearings. 
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Figure 65 — fiemovol of Fan Assembly 



b. Fan assembly replacement (fig. 65). 

(1) Removal. The fan assembly may be removed through the engine 
compartment doors without removing the top rear hull plates. Td 
remove fan: 

(a) Open engine compartment doors and raise splash guard. 
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| From the top of the engines, reach between fan blades and re- 
capscrew (?:(-inch open-end wrench) that holds the fan drive 
. • and drive plate spacer to the fan shaft. NOTE: Remove lock- 
in r and plain washer with capscrew. 

Remove the six nuts Os-inch open-end wrench) and lockwashers 
mii I lie bolts which hold the fan to the drive hub and plate assembly, 
fi .ill fan and remove by maneuvering as necessary to clear through 
I ilimud. CAUTION: Be careful that fan blades do not damage radi- 
■ i ores. 

(ill Remove the six spacers from counterbore at rear face of drive 
lull .mil plate assembly. 

■ Remove fan drive plate and fan drive plate spacer from shaft. 

(V i Installation of fan. 

iin Install fan by reversing preceding steps. Be sure fan is installed 
-i proper engine. (See CAUTION, par. 68 a.) 

lb) Lower splash guard and close and bolt engine compartment 

! ii 

[n water pump. 

i. Description, A centrifugal water pump (see fig. 23) circulates 
i through the cylinder block, cylinder head, and radiator. The 
i pump ball bearing is filled with lubricant and requires no lubri- 
piii.n. 

♦i To replace water pump with engine in place (fig. 66). 

I Remove the governor control housing (par. 50 b). 

' Remove the governor weight and housing assembly (par. 50 d). 

I Replace the rocker cover to protect valve and injector operating 

i n isms. 

I 1 1 ruin cooling system (par. 80 d). 

I] Remove the two bolts (lockwashers) that hold the water pump 
u'Ih packing flange to the engine block (Hi-inch open-end wrench on 
I upper bolt; 3^-inch socket wrench with a 6-inch extension ratchet 
■Kile on the lower bolts). 

*.' Loosen the clamp on the inlet elbow (short screwdriver). 
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(7) Remove the three bolts that hold the water pump to the bH 
(J^-inch open-end wrench and tool KMO-326A). (See fig. 66.) 

(8) Pull the water pump toward the front of the engine and lift II fl 

ii)i Remove the gasket from the mounting flange and the r\fl 
seal ring from the outlet flange. 

(10) Install the water pump by reversing the foregoing step*! 
new gasket or rubber seal ring if it is not in good condition.) 

70. WATER MANIFOLD (fig. 67). 
a. Description. A water outlet manifold is bolted to each c-ylinfl 
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head. A thermostat housing containing two thermostats ip.-ir. 
attached to the front end of each manifold. 



, 



b. To replace water manifold (fig. 67). 

(1) Drain the cooling system (par. 80 d). 

(2) Remove thermostat housing and thermostats (see c, folia J 

(3) Remove the rocker arm cover. (Exercise caution in suUimimJ 
operations so that rocker arm assemblies and control tube will uu| 
damaged.) 

(4) Remove the water temperature capillary tube connection f\ 
the rear of the manifold ( r ' s -inch open-end wrench), and wrap II 
prevent damage. 

(5) Remove the twelve nuts (lockwashers) which hold the m|fl 
to the cylinder head. (See fig. 67.) 

(6) Lift off the manifold and remove the six gaskets (one I 
attaching flange). 

(7) Replace the water manifold by reversing the foregoing slrjjJ 
stalling new gaskets. Gaskets should be shellacked on the cyhn 
head side, and the manifold installed when the shellac becomes \nM 

c. To replace thermostats (fig. 68). 

(1) Drain the cooling system (par. 80 d). 

(2) Loosen the two hose clamps and force the hose upward mi || 
radiator water inlet pipe. 

(3) Remove the four bolts (lockwashers) from the top of the <!•« 
mostat housing and the two bolts (lockwashers) which semi, 
housing to the water by-pass flange (%-inch box wrench). 

(4) Lift off the housing. 

(5) Lift out thermostats. 

(6) Install new gaskets, shellacking them to the housing and h» tl.i 
by-pass pipe flange when shellac is almost, but not completely, drj 

(7) Install thermostats and the housing by reversing the fimt 1 
steps. (Make sure thermostats are in correct position, with supimii 
crosswise. Inspect thermostats; replace if necessary.) 
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Figure 68 — Removal of Thermostats 



M POWER UNIT REPLACEMENT. 

ii To replace engines, facilities must include an engine stand, clean 

liners for drained lubricating oil and coolant, lengths of wire cable 

liain equipped with hooks, and heavy-duty hoisting equipment 

n fcrably an A-frame equipped with two heavy-duty chain falls). 

I M'TION: Be sure ends of all wires are taped and all openings 

Ih|m (I or covered. For ease, speed, and accuracy in reinstalling fittings, 

• or identify all parts removed. Be sure that fuel tank selector valve 

In -.lint off. 

b. Kemoval of power unit. 

1 1 Disconnect battery cables. 

Turn off both battery switches and remove battery box cover. 
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(b Remove slide covering electrical terminals on side wall of lij 
box. 

(c) Disconnect battery ground cable from battery. 

(d) Disconnect both starting motor flexible conduits from h-imlj 
in battery box. 

(e) Loosen nuts holding starting motor flexible conduits I.. I. ,. i, 
box and pull out cables. 

(f) Replace slide and battery box cover for safekeeping. 

(2) Remove engine inspection plates. 

(a) Center rollaway-type jack under each engine inspection , 

m turn, raise jack to hold plate firmly in position, and remove C 
holding plate. 

^A ( TTT^x er JaCk and P,ate careful, y and P ul] both from beneath (a J 
CAUTION: Remove personnel from beneath tank before UvnlN 
plate. 

(3) Drain engine lubricating oil system. 

(a) Place clean containers of 10-gallon capacity under each lnl.il 
eating oil tank drain. 

(b.) Remove drain plugs and drain both engine lubricating oil u„y 
(par. 25 b). 

(c) Drain engine lubricating oil sumps into clean 5-gallon contflfl 

(d) Remove and cover containers. NOTE: After engine lul.i >. .. 
oil has been drained, check to see whether it is in condition to h, ,« 
again. If necessary, the engine lubricating oil systems will be rofll 
with fresh lubricating oil in the quantity and of the viscosih , 
scribed m the Lubrication Guide (par. 26). 

(e) Replace all drain plugs and tighten securely. 

(4) Disconnect lubricating oil pressure gage hoses. Disconnect )..« 

w?rl Un n tl0n PlatGS m0Unted on the inside of each cylinde, I.I. 
NUlk: Connections are accessible only from beneath tank. 

(5) Disconnect air heater fuel hoses. While engine lubriciitinf] 
is draining, disconnect air heater fuel hoses from junction 
mounted on the inside of each engine cylinder block. NOTE- ( niiS 
tions are accessible only from beneath tank. 
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Disconnect engine lubricating oil inlet and outlet hoses. Dis- 
hoses from both engines and lay hoses on tank floor close to 
h>> fuel tanks. CAUTION: Be sure engine oil pan sumps are thor- 
\\ drained before removing hoses. 

Remove engine mounting bolts, fan end. Through engine in- 

- 1 ipenings, remove bolts from center engine mounting bracket 

"I engine compartment. 

i Drain cooling systems. Drain coolant (par. 80 d (2) ) into con- 

* NOTE: If antifreeze solution is being used, attach hoses to 

lystem drain cocks and drain coolant into clean 10-gallon 
i i... ('over containers. (Capacity of each cooling system is 15 

llemove clips holding starting motor cables to engines. Attach 

I i<> cables and pass wires up between sides of engines and lower 

., so that cables can be pulled up and wired to cooling system 

• tli ' valve handles when lower sections of engine shroud are re- 
Kl 

ll<l» Itemove engine compartment deck plates and splash guard 

|f| 

Traverse turret manually to right or left until 75-mm. gun is at 
ingle to center line of tank. CAUTION: If traversed to left, be 
» in: iol port is closed. 

I ! emove all bolts around outside edges of deck plates where plates 
bolted to hull, and the row of bolts across the top of the rear hull 
which hold the rear edge of the rear deck plate. 

Remove the two bolts directly in line with the division between 

doors, and halfway between the lower edges of the doors and the 

"I I he tank. CAUTION: Do not remove the row of bolts running 

i he rear deck directly below the bottom edges of the doors, which 

'lie door plates and the rear deck plate to the deck cross-brace. 

|) I iibolt and open engine compartment doors. 

»i I r n hook splash guard and allow guard to rest on top of engines. 

f i < )|>en lubricating oil filler pipe covers. 

i I 'ass wire cable or chain down through right lubricating oil filler 

• Opening, under deck plate and above splash guard, and up through 
tiller pipe opening, and hook to hoisting tackle. 
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fh) Close and bolt engine compartment doors. 

(i) Hook hoisting tackle to engine compartment door handli 

hook to each handle. NOTE: The rear line(s) must be long n 

that when strain is put on hoisting tackle, the turret edge of ll 
plate unit will break away first and the unit will assume an 
about 20 degrees as it is lifted clear of the tank, filler pipe <>|.< n 
highest. 

(j) Lift off deck plate unit slowly and carefully, 
(k) Lift out splash guard. 

(11) Disconnect engine compartment throttle rods (fig. £>1 1 

(a) Remove cotter and clevis pins from yokes on both dlJ 
horizontal throttle rods, and disconnect rods from governor cufl 
levers and from the outer cross-shaft levers mounted on the *<n| 
compartment bulkhead. Remove throttle rods. 

(b) Remove cotter and clevis pins from yokes at upper end* of ■ 
vertical throttle rods (between engines at flywheel end) and diacoM 
rods from inner cross-shaft levers on engine compartment I mi III.. 

(c) Lower vertical throttle rods between engines until they M 
tank floor. NOTE: In installing, drop wire between engines, U\n\m 
yokes on vertical throttle rods, and pull up on wire. 

(12) Remove air cleaners (par. 64 c). CAUTION: Cover air ml*) 
tightly. 

(13) Remove radiators (par. 81 b). 

(14) Remove fan shrouds. Remove bolts, pull fan shrouds loJ 
rear of tank, and lift out. (See fig. 70.) CAUTION: When in 
fan shrouds, be careful to center shroud opening around fan in (I 
to obtain full uniform clearance. 

(15) Remove center radiator mounting plate. 

(16) Remove exhaust pipes. 

(a) Remove the four bolts (*y 8 -inch socket, extension, and r..i. 
handle) which hold exhaust elbows to engines, and lift elbow* 
exhaust pipes. 

(b) Lift out exhaust pipes, and put exhaust elbows back on ennl|| 
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connect wires from both air shut-down valve solenoids, 
lubricating oil tank gages, and the starting switch wires from 
\ i.i 1 1 itig motors. 

.onsen ciamps and remove both governor breather hoses. 
: The second-type governor breather, a casting, used with the 
:nr cleaners, remains bolted to the governor. 

Remove both upper fire extinguisher discharge nozzles and 
ear vertical tubing, and lower rear discharge nozzles and 
is. 

Close engine cooling system drains. 

Remove all cooling system piping, hose connections, clamps, 
h water expansion tanks (par. 83 c) . 

Itemove filter panel (figs. 71 and 72). 

lisconnect the four short engine lubricating oil hoses and the 

i fuel inlet hoses from the junction plates on the top rear of 

ncines, beneath the filter panel. Leave fuel inlet hoses connected 

ary fuel filters and threaded behind engine lubricating oil filters. 

Remove air heater coil covers from filter panel. 

Remove the two high tension wires from each set of air heater 
id pull wiring clear of panel, and coil wires on top of engine, 
core covers for safekeeping. 

temove covers from each engine compartment terminal box. 

Disconnect the two wires in the left filter panel flexible conduit 
heir terminals in the left engine compartment terminal box. 

Remove nut holding flexible conduit to terminal box and pull 
clear. Replace nut on flexible conduit. 

Repeat steps (e) and (f) on right filter panel flexible conduit. 
! I : There are three wires in this conduit. 

Replace covers of engine compartment terminal boxes. 

„) Disconnect lubricating oil tank breather hoses from both engines, 

i ipc hose ends and engine fittings. Wire engine ends of hoses to lubri- 

.iinc oil tank filler pipe caps to keep hoses upright, out of the way. 
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(j) Disconnect fuel lines (see fig. 86) from both primary fuel hli 
mounted on the filter panel. 

(k) Disconnect air heater pump fuel feed line (see fig. 86) frni 
primary fuel filter. 

(1) Disconnect the two fuel return hoses from both engines and fl 
the tee fitting (see fig. 86) on the end of the metal tubing leading I 
fuel tank selector valve, and remove. Pull long hose clear of engim- lid* 
brackets. 

(m) Support filter panel with wood blocking, remove six boll 
hold filter panel to bulkhead (%-inch socket, extension, and i il 
handle), and lift out filter panel. (See fig. 72.) 

(23) Remove auxiliary generator muffler flexible outlet tubing 

(a) Loosen clamp on outside of rear hull plate which holds auxlll •• 
generator flexible outlet tubing. 

(b) Loosen clip holding tubing to blower housing. 

(c) Pull flexible tubing clear of rear hull plate and coil up on l.il| 
engine, so it can be pulled through opening in engine compurhul 
bulkhead. (Leave asbestos covering attached.) 



(24) Remove engine water temperature gages. 



i 



(a) Detach water temperature gages at bulkhead end of each <•!•■■ 
water manifold and tag each water temperature bulb to aid in |j 
stalling in proper engine. Protect bulbs with suitable covering. W| 
cables to any convenient fitting on engine compartment tml I i-< 
CAUTION: Use extreme care in removing bulbs. 

(b) Plug openings in engine water manifolds. (Steps in engimi ih| 
partment are now completed; see fig. 73.) 

(25) Disconnect rear universal joint. 

(a) Open hatch in turret platform and release spring catches Imlfld 
rear section of propeller shaft housing to tank floor. 

(b) Remove two bolts holding cover to engine shroud. 

(c) Lift out rear section of propeller shaft housing. 

(d) Remove bolts from universal joint companion flanges (see lij- ? 
(Hold bolts as nuts are turned off.) 
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I mure 73 — Power Unit Removal — Steps in Engine Compartment 

Completed 

\'X) Disconnect clutch shifter levers. Back off lock nuts on clutch 
lor links (see fig. 92) and unscrew and remove links. 

Remove transmission oil cooler (see fig. 74). 

lui Disconnect transmission lubricating oil inlet and outlet hoses 
mi I lie lubricating oil lines, and from the fittings on the transmission 
;ii.ing oil cooler. 

(h» Remove the bolts which hold the transmission lubricating oil 
■I to the mounting brackets on the engine shroud. 

(r i I iift out unit, taking care not to damage felt gasket or cooler fins. 

(il) Remove clips holding transmission lubricating oil lines to engine 
■Oud and bend tubes as far away as possible from shroud. 

B89 Remove auxiliary generator air duct (see figs. 74, 143, 144). 
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(a) Traverse turret to bring opening in turret basket opposite • 
shroud end of auxiliary duct. 

(b) Push open door in end of duct, remove the two screw: 
hold the auxiliary generator muffler flexible outlet tubing to the milfl 
and remove flange end of tubing from duct. 

(c) Remove bolts which hold duct to engine shroud and to n[m>m»< 
(%-inch socket, short extension, ratchet handle and Ke-inch operM 
wrench) (fig. 140). NOTE: Lower corner bolt behind duct, holdiiiK tld 
to shroud, is reached from underneath duct with i H --inch oprn 
wrench. 

(d) Remove inspection cover from duct at auxiliary general 

(e) Remove the four socket head screws which hold auxiliary | 
erator muffler flexible coupling to the auxiliary generator ($&*ini'h Nj 
stock wrench). 

(f) Lift out the duct, NOTE: When installing the duct, attach l| 
auxiliary generator muffler flexible outlet tubing to the muffler, m 
pass tubing through shroud opening into engine compartment Ufa 
bolting duct to shroud. 

(g) Pull auxiliary generator muffler flexible outlet tubing Hi 
opening in shroud and remove. 

(29) Disconnect and remove fixed fire extinguisher cylinder* I 
brackets. (See fig. 20.) 

(30) Remove LC engine generator (par. 54 c). 

(31) Disconnect LC engine tachometer drive cable. 

(a) Loosen knurled nut and remove tachometer drive. 

(b) Tape fitting on end of cable and engine connection. 

(c) Wire cable to auxiliary generator to keep it out of way. 

(32) Remove LA engine generator (par. 54 c). 

(33) Remove LA engine tachometer drive cable. 

(a) Repeat steps outlined in (31) (a) and (b). 

(b) Wire cable to fuel tank selector valve control handle !«■ ltd 
cable out of way. (Be sure selector valve is closed.) 
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(34) Remove lower engine shroud sections (fig. 74). 

(a) Remove bolts from both lower sections of engine shrouds, 

(b) Move left lower section of shroud as close to battery box and I 
far toward the outside of the tank as possible. NOT I' 1 ,: Pass stall li«| 
motor cables into engine compartment so that they can be pullwl u 
and wired to cooling system bleeder valve handles. 

(c) Move right lower section of shroud as close to stowage box •••• ■ 
as far toward the outside of the tank as possible. NOTE: If addiliciM 
space is required, remove bolts holding stowage box and 75-flH 
ammunition box to tank floor and move both as far as possible IowumI 
front of tank. 

(d) Maneuver shrouds as necessary to lift through hatch in I llj 
floor, and then remove from tank. 

(35) Remove engine mounting bolts, flywheel end. 

(a) Before removing upper sections of engine shroud, remove th« I 
bolts (K-inch socket and ratchet handle) from each engine supi«*l 
bracket (see fig. 75) at flywheel end of engine. (After engines have htd 
hoisted out, remove engine support brackets from tank and install tl 
engine carrier.) 

(36) Disconnect engine ground strap. 

(37) Remove upper engine shroud sections (see figs. 74 and 75), 

(a) Traverse turret as necessary to remove bolts in upper sectlflj 
of engine shrouds. 

(b) Move upper shroud sections away from engines and close to I iif 
ret basket. 

(c) Maneuver shrouds as necessary to lift through opening in I \lA 
basket, and remove from tank. 

(d) Close or replace hatch cover in turret floor. 

(38) Lifting engines from tank (figs. 76 and 77). 

(a) By means of the wires attached to the starting motor cables, pull 
cables up between sides of engines and the lower fuel tanks, and 
them to cooling system bleeder valve handles. 
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Figure 75 — Power Unit Removed — Engine Shroud Removed 

(b) Hook lifting chain hooks or hoisting tackle into front and rear 
uii'iiie lifter brackets. NOTE: Chains at flywheel end must be longer 
>iun fan-end chains so that when strain is placed on the hoisting tackle, 
I nitines will assume a slope of about 25 degrees, fan end highest (fig. 76). 
I! i wo chain falls are used, control the individual chain falls to get the 

Drrect angle. 

(c) Place spacer bar between front chains about one-third of the way 
ibove front (fan end) lifter brackets, to keep chain pressure off the ther- 
lin tat housings. NOTE : The spacer bar can be made of a length of three- 
|Uiirter-inch pipe, 20 inches long, and half-inch bar stock, 28 inches 
jonu and threaded on both ends, with four large washers and two nuts 

■ . lig. 76). Place pipe over bar, install washers on each end of bar, 
itlikir ends of bar through chain links, install washers, and screw on 



him 



Station sufficient personnel around engine compartment to hand- 
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guide power unit as it is hoisted out of the engine compartment, and | 

see that all fittings and connections clear. CAUTION: Watch . 
the air shut-down solenoids, vibration dampers, junction plates, « 
shifter levers, and water drain valves. 

(e) With engines at the proper angle (see fig. 77), hoist them sfn*|j 
alternately upward and toward the rear of the tank, until engine* nf| 
clear of the engine compartment, bulkhead. When engines are .1- 
hoist straight up. (Engine compartment will now appear as shoflH 
fig. 78.) 

(f) Remove engine support brackets from tank and install on mi 
carrier. 



(g) Place engines on engine carrier (tool J-1924). 




Figure 76— Power Unit Removal 
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Figure 77 — Lifting Power Unit from Engine Compartment 
c. Installation of engines. 

(1) Check engine compartment to see that all wiring, tubing, and 
hoses are out of the way. 

(2) Open or remove hatch cover in turret floor. NOTE: Traverse 
turret as required to perform engine installation operations in turret. 

(3) Station sufficient personnel around engine compartment and in 
turret to hand-guide engines into position, and to see that all fittings 
clear. 

(4) Hook hoisting tackle to engines and lift them from engine carrier. 
NOTE: Engines must be installed in the same manner and at the same 
angle as in their removal (par. 71 b (38) ). 

(5) Remove engine support brackets from engine carrier and install 
in lank. 

(6) Lower engines slowly into engine compartment, alternately 
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lowering and moving engines toward front of tank until engines m*1 
on engine support brackets. CAUTION: Closeiy watch clearann 
shut-down valve solenoids, vibration dampers, junction plates, chili It 
shifter levers, and water drain valves. NOTE: Have man in (inn 
place crow-bar under transfer case to steady engines as they are lowrrwl, 
keeping crow-bar clear of clutch shifter levers. 

(7) Bolt engines to support brackets (at flywheel end of engine* ), 

(8) Remove starting motor battery cables from engine fasten mm 
and pass through bulkhead to battery box. 

(9) Connect engine ground strap. 

(10) Install upper sections of engine shrouds. 

(11) Install lower sections of engine shrouds. 

(12) Install transmission lubricating oil cooler and connect lull 
eating oil hoses to cooler and to transmission oil tubing. Install tuMiif 
clips to shrouds. 

(13) Install engine generators and connect generator flexible con 
duits. Install clips on bulkhead. 

(14) Install engine tachometer drives. 

(15) Lead starting motor battery cables into battery box, tight im 
lock nuts, and connect cables to terminals. 

(16) Move stowage and 75-mm. boxes on tank floor into poailkoQ 
and bolt securely. 

(17) Install and connect fixed fire extinguisher cylinders. 

(18) Connect auxiliary generator muffler outlet tubing to muflttf 
and pass tubing through opening in engine compartment bulkhrwl 

(19) Replace auxiliary generator duct, flexible coupling anil It) 
spection plate cover. 

(20) Install and adjust clutch selector links. 

(21) Connect rear universal joint companion flanges. 

(22) Replace rear universal joint cover and bolt to engine shroinl* 
Install hold-down clamps. 






(23) Replace filter panel. 
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(a) Remove covers on high tension coils, lead wires through fum-l 
to terminals, and replace covers. 

(b) Remove engine compartment terminal box covers. 

(c) Connect the two wires in the left flexible conduit to their IrruM 
inals in left engine compartment terminal box. Tighten lock ni|W 
attach cover- 
ed) Connect three wires in right flexible conduit to terminals in 

terminal box. Tighten lock nuts, attach cover. 

(e) Connect engine lubricating oil tank breather noses to enfftjfl 

(f) Connect fuel return hoses to engines and to tee fitting. \ > 
long hose through engine rear lifter brackets.) 

(g) Connect fuel lines to primary fuel filters. 

(h) Connect air heater pump fuel feed line to left primary fuel lilt* 

(i) Connect the four short engine lubrication oil hoses and I In I 
long fuel inlet hoses to the engine junction plates. 

(24) Install governor breather hoses (with first type air cIcuiimH 
only) , 

(25) Connect wiring to starting motors, air shut-down valve '■ 
noids, and lubricating oil tank gages. 

(26) Install exhaust pipes. 

(27) Install radiator center mounting plate. 

(28) Install fan shrouds. CAUTION: Be sure they are cei 

around fans. 

(29) Install radiators. 

(30) Install fire extinguisher tubing, brackets, and discharge nun 

(31) Close cooling system drains and install water expansion \nM 
tubing, and hoses. 

(32) Fill and install air cleaners. 

(33) Install auxiliary generator muffler flexible outlet tnlm, 
(Fasten clamp on rear hull plate and clip on blower housing.) 

(34) Install engine temperature gages. 
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(35) Install engine splash guard. 

(36) Install deck plate unit 

(37) Connect air heater fuel hoses at junction plates between engines. 

(38) Connect lubricating oil pressure gage hoses at junction plates 
between engines. 

(39) Connect engine lubricating oil inlet and outlet hoses. 

(40) Install engine mounting bolts (fan end). 

(41) Install starting motor cable clips on engines. 
(421 Install engine inspection plates. 

(43) Fill engine lubricating oil tanks. 

(44) Fill cooling systems. 

(45) Fill fuel tanks. 

(46) Connect battery ground cable to battery and turn on battery 
switches. (Test turret lights to make sure current is on.) 

(47) Install or close turret platform hatch cover. 

(48) Open fuel tank selector valve. 

(49) Check instrument panel lights. 

(50) Move hand throttles to idle position and check low pressure 
lubricating oil indicator lights on instrument panel. 

(51) Check air heater indicator lights, open shut-off valve on air 
heater fuel oil intake line, and operate pumps on instrument panel until 
Diesel fuel oil is felt in pump cylinders. Close valve. 

(52) Check level of fuel and lubricating oil. 

(53) Start engines, one at a time (par. 8) . 

d. Check engine timing (figs. 79 and 80). After a power unit has been 
removed and overhauled, its timing should be checked. This operation 
can be performed more readily before the engine is installed. To check 
liming with the engine in the tank, proceed as follows: 

(1) No. 5 injectors of each engine must be correctly timed. 

(2) Remove No. 1 injector and install the engine timing fixture, tool 
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J -1929, in its place. Use the injector clamp to hold the fixture in pladj 
(See fig. 79.) 

(3) Push the timing rod down against the piston head. 

(4) Prepare to crank the engine by hand, by removing the rear mil 
versal joint cover and inserting a long bar in a universal joint yoke In 
use as a lever for turning over the engine. CAUTION : Be sure gear 
lever is in neutral. 

(5) Hand-crank the engine in the direction of norma] rotation mil II 
timing rod no longer moves upward, then at least one-quarter revolu 
tion more to make sure the cylinder has passed top dead center. Do mil 
touch the timing rod. It must stay in the timing dead center position! 
until next step is completed. 
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Figure 79 — Checking Engine Timing 
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(6) Adjust the compensation screw to correspond with the timing 
mark on the timing rod. This adjustment is made to compensate for 
inv variation in head thickness, gasket thickness, carbon on piston 
head, etc. 

(7) Hand-crank the engine in the direction of rotation until the tim- 
ing rod can be pushed all the way down against the stop nut on the 
iilMier end of the rod. 

(8) Hand-crank in direction of rotation until the upper mark on the 
Mining rod is flush with the face of the compensating screw. 

(9) Try the go and no go gages between the injector timing pin and 
the face of the follower guide (see fig. 73). This operation is performed 
1 ! No. 5 injector for both engines. 

(a) If go gage will pass through and no go will not, engine timing is 
fcorrect. 

(b) If both go and no go gages will pass through, engine is timed fast. 

(c) If neither gage will pass, engine is timed late, or slow. 

(d) NOTE: If engine timing is either fast or slow, it is an indication 
that the gears of the engine gear train are incorrectly meshed. Notify 
ordnance maintenance personnel. 

72. POWER TRANSFER UNIT (fig. 81). 

a. Description. Power from the two engines is transferred from the 
nigine drive gear of each engine to the engine driven gear, through which 
the combined power of the two engines is transmitted, by means of the 
engine driven shaft and flange. The two engine drive gears and the one 
engine driven gear operate in the transfer gear housing. 

b. Replacement. The power transfer unit cannot readily be replaced 
unless the turret and turret basket have been removed from the tank, or 
the engine has been removed. To replace the unit after the engine has 
been removed (par. 71 b), proceed as follows: 

(1) Removal. 

(a) Remove the bolts (%-inch socket and ratchet handle wrench with 
:i short extension) and lockwashers which hold the transfer gear housing 
to the clutch housing. 
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F/gore 81 — Removal of Transfer Gear Housing 
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(b) Place one of these bolts in each of the four tapped holes m the 
hou jug, to serve as pusher screws (see fig. 81), and by screwing them 
m evenly, free the housing from the dowel pins. The housing can now 
be lifted out. CAUTION: Exercise care not to allow splmed shafts in 
the transfer gear housing to touch oil seals in the clutch housing, or to 
bump any part. 

Install transfer gear housing. The assembly is installed by revers- 
i,r i he preceding steps. Note the following points: 

(a) It may be necessary to rotate gears and one flywheel in order to 
line up the splines of the shafts with those of the clutch assemblies. 

i b) Install a new gasket. It should be shellacked and set in place in 
the clutch housing when the shellac is almost dry. 

i.M When installed, the transfer gear housing should be refilled with 
lubricating oil. (See Lubrication Instructions, par. 26.) 
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Paragm|ili 

Description , ™ 

Fuel tank selector valve , ia 

Fuel oil filters 75 

Fuel oil tanks 7G 

Fuel oil specifications 77 

External fuel lines 7^ 

73. DESCRIPTION (fig. 82). 

a. The fuel system comprises the fuel oil tanks, fuel lines, fuel filter*, 
fuel pump, fuel manifolds, and fuel injectors. 

b. Diesel fuel oil is constantly circulated through the system, U10 
maximum rate being 40 gallons per hour. This constant flow send 
two purposes. First, it washes out any air which may collect in Hi. 
system, preventing the fuel system from becoming airbound. Secondly, 
it serves to cool the injectors. 

c. Fuel pressure should be maintained at a minimum of 25 pounds ;ii 
2100 revolutions per minute. If the pressure falls below that mark, H 
indicates that filters are clogged, or the fuel pump is defective, or then 
is ice in the fuel system, or a fuel line is plugged. When there is a lai 
of power, fuel pressure should be checked with a pressure gage. 

d. The piping system is arranged so that either or both of the engine* 
may be run on the right or the left set of two fuel supply tanks, hul 
not on both sets at once. By suitable valving, the spill is return.-. I 
to the set of tanks from which it is withdrawn. Each set of tanks him 
74-gallons capacity, a total of 148 gallons for both engines. 

74. FUEL TANK SELECTOR VALVE (fig. 83). 

a. Valve. The fuel tank selector valve, mounted on the bulkhea.l |j| 
the engine compartment, is controlled by a hand lever on the bulkhead 
in the crew compartment. 

b. Operation. The selector valve lever may be placed in any one oj 
three positions off, or right-hand fuel oil tank, or left-hand fuel ...1 
tank. Fuel for both engines is drawn from only one set of tanks (uppoi 
and lower) at a time. When the upper (59H-gaJJon) tank on one 1 
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figure S3 — Fuel Tank Selector Valve 



has been emptied, its fuel gage reading will show E. The fuel solw« 
valve handle should then be moved to draw from the other 59^-«iilh 
tank. NOTE: Never run on either reserve (14^-gallon) tank until I mil 
main tanks have been emptied, so that there will always be a nmaffj 
of 29 gallons of fuel. After changing the fuel feed from one tank In II 
other, move the tank gage control switch (on the instrument panel) J 
the correct setting. 

c. CAUTION. The fuel tank selector valve should always be H<*| 
when the engines are stopped, except if the stoppage is only tempornrj 
It should always be closed at the end of the day's operations, and w In 
vehicle is to be stored. 

75. FUEL OIL FILTERS. 

a. Description. 

(1) Injectors are protected against harmful solid material in I hi- In 
by two filters within the injector body. These filters are an extra jif* 
caution, in addition to a primary and a secondary fuel filter in the furf 
supply line of each engine. 
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'.) The primary fuel filter, one for each engine, is mounted at the 

hil ill the filter panel in the engine compartment. Fuel is drawn from 

lank through the selector valve and then through the primary fuel 

•i l.i'l ore entering the fuel pump. The element should be cleaned at 

if every 500 hours or 5,000 miles of operation. The primary filter 

jmbly consists of a stacked-disk element assembly and a sheet metal 

•i howl. Inlet and outlet passages are marked in and out, respectively. 

■ Mltering element consists of a large number of filter disks (.002 inch 

[hick « stacked and squeezed together by a spring on the filter bowl stud. 

(Hi The secondary fuel filter is mounted on the side, of the engine just 
■ the rear of No. 3 air cleaner. Fuel is forced from the pump through the 
pmmlary fuel filter to the fuel manifold. The replaceable filter element 
Li.miiI.I be renewed every 500 hours or 5,000 miles of operation. The 
ndary filter consists of a steel shell and an enclosed filter element. 
K steel shell, or filter bowl, is assembled to a stamped cover by a 
LnN i Lube which screws onto a retainer stud in the cover. The cover 
ins openings for incoming and outgoing fuel. The center opening 
k marked outlet. The filter element comprises a shell of dense filtering 

ilcrial molded to a perforated cylinder, or collector tube. 

b. Secondary filter operation. Having passed through the primary 

furl filter and the fuel pump, the fuel enters the secondary filter through 

inlet passage in the cover and flows into the filter bowl. Pressure 

brulcd by the fuel pump forces the fuel oil through the filtering mate- 

uiil, where dirt particles are removed. Clean fuel flows through the 

■locations of the collector tube, through drilled holes in the hollow 

Km I, and up to the outlet in the filter cover. 

<\ Maintenance, The mileage or time before replacement or cleaning 

or element is necessary cannot be arbitrarily established, because 

m h depends on operating conditions and cleanliness of fuel. There- 

the operator must determine a service schedule from obser- 

n and inspection of the filter element. A fuel pressure check is a 

.. liable indicator of fuel filter condition. However, the element should 

|h< replaced every 500 hours or 5,000 miles of operation. 

il. To clean primary filter. 

1 1 Turn fuel tank selector valve to off. 

Back out retainer bolt at top and remove bowl and element. 
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Carefully wash disks in fuel oil. Do not scrape, or use stiff brush. 
|)lt< careful not to bend disks. 

<4> Wash out bowl and fill with clean fuel oil. 

(ft) Reassemble, using new element gasket and bowl gasket. 

(6) Turn fuel selector valve to on position, start engine, and check 

•r leaks. 

c. To replace secondary filter element (fig. 84). 

(1 ) Turn fuel selector valve to ofiF position and drain bowl. 

(2) Unscrew nut at bottom of bowl. Drop bowl. 

(3) Discard filter element and clean inside of bowl. 

1 1 1 Install new filter element and reassemble, using new gaskets at 
Dp of collector tube and top and bottom of filter element. 

(ft i Loosen filter outlet connection, turn fuel tank selector valve to 
•«ii i » >sition, lock out clutch, and run other engine until fuel is forced 
"ii of connection. 

((>) Tighten connection, start engine, and check for leaks. 

< 7 ) When engine runs smoothly, clean filter on other engine. 

I FUEL OIL TANKS (figs. 85 and 86). 

I. Description. There are two sets of fuel tanks; capacity, 74 gallons, 
set. The upper tanks hold 59 l A gallons each. They feed into the 
•r (reserve) tanks, which hold 14J^ gallons each. 

I. To drain fuel oil tanks. 

i I ) Remove the two bolts which hold the small cover plate in the 
lull floor plate directly under the lower fuel oil tank. 

Remove the drain plugs. 

NOTE: To drain upper tanks only, remove plate in sponson 
r, then remove drain plugs. 

Removal of lower fuel oil tank (fig. 85). To remove the lower fuel 
ank (with engine already removed), proceed as follows: 

Remove drain plug cover plate from underneath tank, by taking 
ie holding bolts (M-inch open-end or socket wrench). 

243 



TM 9-73 IB 
1176 



FUEL FEED 
PIPE 



MEDIUM TANK, M4A2 




TM 9-731 B 
II 76-78 



Figure 85 — Lower (Reserve) Fuel Oil Tank 

(2) Place receptacle under drain plug and remove plug { : '\rM 
Allen wrench). 

(3) From same position, remove the two bolts which hold the f 
tank to the bottom hull plate (^-inch open-end or socket wrench) 

(4) Inside engine compartment, uncouple the fuel feed from null* 
elbow on the lower side of the fuel tank (%-inch open-end wrench) 

(5) Loosen screws on the clamps which hold the connecting 
between the outlet elbow of the upper fuel tank and the inlet p 
the lower fuel tank, and push the hose down on the lower inlet pi)* 
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(6) Remove the front and rear fuel tank holding straps (M-inch 
npcn-end wrench). 

(7) Lift the tank out, being careful not to jam it or dent it against 
I he elbow projecting from the lower part of the upper tank. 

(<S) Install fuel oil tank by reversing the preceding steps. 

77. FUEL OIL SPECIFICATIONS. 

a. Fuel oils for General Motors two-cycle Diesel engines, Series 71, 
ii i us! be completely distilled petroleum products. 

b. Suitable fuels must comply with the classification limits estab- 
I by the American Society for Testing Materials for the No. 1-D 

Or \"o. 2-D grades of Diesel fuel oil. 

c. Fuel properties of foremost importance for satisfactory engine 
Operation are ignition quality and volatility. 

(1) High cetane number shortens the ignition delay period, thereby 
facilitating starting, improving combustion smoothness, and minimizing 
• (■•posit formation, 

(2) High volatility causes more complete vaporization of the fuel, 
cleaner combustion, and less residue formation. 

Since both these fuel properties influence the combustion process 
Mimultaneously, a low value of one can be counteracted by a high value 
-.1 the other. Best results will be obtained from a fuel with low final 
boiling point and reasonably high cetane rating. 

d. The suitability of a fuel oil depends greatly on engine operating 
Conditions. If speed and load changes are frequent, the fuel should be 
cleaner burning than fuels satisfactory for constant speed operation. 

e. The above specifications are in conformity with U. S. Army 
Specifications No. 2— 102B of October 2, 1941, for "Diesel Fuel Oil for 
High-Speed Automotive-Type Diesel Engines." 

IK EXTERNAL FUEL LINES (fig. 86). 

a. Low fuel pressure, inadequate fuel supply, and other symptoms 
Outlined in paragraph 45, Trouble Shooting, may indicate the need to 
pemove external fuel lines, clean them, and make necessary replace- 
ments. Proceed as follows: 
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(1) Drain the fuel system (par. 76 b). 

(2) Remove primary fuel filter inlet and outlet lines, disconnecting 
Ihi'm at the filters and at the junction plates between the engines. 

Remove the fuel tubes and fittings between fuel tanks, filters, 
1 1 id tank selector valve, and engines. 

(4) Wash out all tubes, hose, and fittings in gasoline, and blow out 
will) compressed air. 

(5) Install new fittings, hose, and tubes as required. 

(6) Prime system with fuel oil before attempting to start engine, by 
filling the fuel filter, lines, and hoses, with clean fuel oil. Lock out the 
jjutch of the engine worked on, and run the other engine to force fuel 
trough the system to the idle engine (see par. 75 e (5)). 
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79. DESCRIPTION. 

a. A centrifugal pump, mounted on the front end of the blower | 
driven by the lower blower rotor shaft through a coupling, prnvM 
circulation of water through the cylinder block, cylinder head, | 
radiator of each engine. 



b. The water pump works in conjunction with a radiator tin 
which the water passes in the process of cooling. A cooling fan on 
engine forces air through the radiator core and lowers the watfll 
perature. The water pump draws the cooled water from the bol 
the radiator and through the oil cooler, and discharges it into the I 
part of the cylinder block. Openings in the water jacket aroum 
cylinder bores connect with corresponding openings in the cyl 
head, where the water circulates around the valve seats ami 
injectors. Cylinder bores are water- jacketed for their full lengj 
water manifold and thermostat housing, bolted to the cylinder 
discharges the cooling water back into the radiator. 



■ 
l 



I 
i 



c. Water temperature in the engine is controlled by two therm* ml nl 
mounted in the outlet end of the water manifold of each engine. 'ItH 
vent valve, on the top of the thermostat housing, should be I'lrflfl 
except when the cooling system is being filled or drained. 

d. When the engine is started cold, the thermostats preveni \- 
circulation, except through the by-pass tube, which allows water l< 
recirculate through the oil cooler, cylinder block, cylinder head, • 
water outlet manifold. The thermostats start to open at 158 F. (70 I < 
and are fully open at 185 F. (85 C). After the thermostats 
open, and until they are fully opened, water circulation takes Jjfl 
through both the by-pass tube and the radiator. After the thermO^B 
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have opened fully, circulation takes place through the radiator him) 
engine only. 

e. During the warm-up period, before the thermostats start opoiimn 
the lubricating oil passing through the oil cooler is rapidly warmnl I- 
the circulation of warm water through the by-pass tube. 

f. There are two types of cooling systems in use on the M4A| 
Medium Tank. 

(1) The first type (see fig. 87), installed on early tanks, is partUMi 
larly identified by having only one connection on the water expan*lofl 
tank, and a small-diameter tube leading directly from it to the englf* 
water outlet pipe, between the engine and the radiator. The water mil* 
let on the radiator is at the bottom and connects directly to the enj{lill 
lubricating oil cooler housing. 

(2) The second type, (see fig. 89) has a deeper expansion tank with 
two connections. The small-diameter outlet is for the equalizer lulu, 
which leads from the water expansion tank down to the radiator ou lint 
tube (engine intake or suction), which runs to the engine lubrical lug 
oil cooler. The large-diarneter outlet is for the air venting tube, whMi 
connects the water expansion tank to the upper outside fitting of I hi 
radiator. 

80. INSPECTION AND MAINTENANCE. 

a. At the 100-hour inspection, all surfaces of the radiators »rtf| 
shrouds should be cleaned of accumulated oil and dirt. 

b. Water pump lubrication. The water pump ball bearing, shiHiM 
type, is filled with lubricant when assembled, and no further lubrli 
tion is necessary. 

c. Fan lubrication. The fan of each engine is pressure-lubriailw! 
from the engine, and no lubrication service is required. 

d. Drain and refill cooling system. 

(1) Remove the four cover plates (under crankcase oil drain phitfi) 
from bull floor plate. 

(2) Open the bleeder valve (see fig. 23) on the top of the thenim,.Ui 
housing, 
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(3) Open the water drain valve control at the front outer side nfil 
engine. 

(4) When the system is thoroughly drained, flush with clean wftfl 

(5) Close the water drain valve. 

(6) Fill the cooling system. 

(7) Install the four cover plates in hull floor. 

(8) Run engines for a few minutes and add any water necessan ••• 
fill the cooling system to capacity. 

(9) Close the bleeder valve on top of the thermostat housing. 

(10) NOTE: If system is being drained to prevent freezing, the pi|n 
plugs must be removed from the rear outer corners of the radiato! 

81. RADIATOR. 

a. Description (fig. 89). Each engine is equipped with a radii, 
through which air is blown by the engine fan, at the rear of the lutib 



b. To replace radiators (figs. 88 and 
replaced as follows: 



Either radiator can 



(1) Remove the top rear hull plate, back of the engine compartnn 

(a) Remove the 16 hexagon bolts (lockwashers) ( 15 /jf,-inch boj 
socket wrench) from the plate. 

(b) Remove the two bolts in the center of the plate (%-ineh wrenfl 

(c) Remove six bolts from rear outer hull plate which hold tha 
edge of deck plate. 

(d) Lift off the top rear hull plate, using a hoist if available. 

(2) Drain the cooling system (par. 80 d). 

(3) Disconnect radiator hoses. 

(a) On the first type cooling system (fig. 87), loosen the hose clai 
on the engine outlet hose at the top of the radiator. Slip clamps urn) 
hose down over tubing. 

On the second type cooling system (fig. 88), disconnect the enn 
water outlet tube and the water expansion tank air venting tube IVoflk 
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Figure 89 — Cooling System, Second Type, Showing Connections 

Mic inside and outside upper fittings on the radiator. Loosen hose 
i lumps and slide clamps and hoses down over tubing. 

(4) Reach down along sponson plate at the radiator (see fig. 89) and 
n hose clamps at radiator outlet tube (long screwdriver). Pull 
i.i' I ia tor outlet tube (engine intake or suction) away from radiator. 
Leave clamps and hose on tubing. 

i T> i The radiator is mounted on four brackets, two at the top and 
wo at the bottom. Each bracket is bolted to a rubber mounting, which 
in i urn is bolted to the hull. Detach each bracket (f-g-inch socket and 
Jfctchet handle wrench) by removing the bolt holding the bracket to 
i he mounting, and remove the bolt which holds the mounting to the 
hull. Remove the mounting. CAUTION: At this point, remove only 
flu- two top mountings, so that the radiator will be supported by the 
lower mountings. 

(6) Attach a hoist to the upper radiator brackets. Take up the 
Iteight of the radiator on the hoist, and then remove the two lower 
mountings. 
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(7) Work the radiator free, pulling it at the bottom toward the M 
of the tank. 

(8) Hoist out the radiator, exercising care not to damage fan slin 
or radiator core. 

(9) The radiator may be installed by reversing the foregoing : I 

82. WATER HOSE AND FITTINGS. 

Description. The water tubing, hoses, and fittings of the con 
system are shown in fig. 87 (first type) and fig. 89 (second typoi 
hose connections are attached with a clamp at each end. 

83. WATER EXPANSION TANK (fig. 90). 

a. Description. A water expansion tank (first type, fig. 90; kccomi 
type, fig. 89) is provided for each engine. It is mounted in the ciijiMI 
compartment above the air cleaners. The engine cooling system is Midi 
through a filler opening in the hull above the tank. The cooling syitfl 
for each engine should be filled to overflowing. The water level will jimI 
rise above the bottom of the filler neck, and therefore will leave h|i \m 
for expansion of the water during engine operation. The filler cap I mi 
a pressure-regulating valve, which maintains an even operating \mm 
sure in the cooling system. CAUTION: Do not use any other type of cup 

b. Pressure filler cap. The cooling system normally operates wilh 
water 105 F. (41 C.) hotter than the atmosphere. In hot wc;iili*» 
therefore, the water frequently exceeds 212 F. (100 C.), the hoiliti| 
point of water. Under these conditions, steam pressure will be bmli »i 
in the system. The filler cap of the water expansion tank therefor*' % 
provided with a pressure-regulating valve, which relieves the pre: 
in the cooling system when the steam pressure reaches 12 poundH \0 
square inch, when the water temperature is about 225 F. (107 (!,] 

CAUTION: Extreme caution must be exercised in removing the MM 
cap, because if the tank is under pressure, a blast of steam will endanfl 
the mechanic. Before removing the cap under such circumstances, lit* 
engine should be allowed to run at idling speed until the water tempcin 
ture drops to a safe point. 

c. Replace water expansion tank. Either water expansion tank c«H 
be removed as follows: 
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(1) Drain the cooling system (par. 80 d). 

(2) Remove the rear deck plates to which the engine compartml I 
doors are fastened, the doors, and the splash guard (par. 71 b (11)11 

(3) Disconnect hoses. 

(a) On the first type cooling system (fig. 87), loosen the twc 
clamps on the small breather pipe at the water expansion tank 

tion. Slide clamps and hose connections onto the tubing, and m<M 
tubing away from water expansion tank. 

(b) On the second type (fig. 89), loosen the hose clamps on tin- ..» 
venting tube and equalizer tube at the water expansion tank. , c 
clamps and hose connections onto the tubes and move tubing B« 
from water expansion tank. 

(4) Remove the four bolts (M-ineh socket, short extension, raMw 
handle, and M-ineh open-end wrench) and loekwashers, two at Oflj 
end, holding the water expansion tank to the wall of the em 
compartment. 

(5) Lift out the tank. 

(6) Install by reversing the preceding steps. 

84. ANTIFREEZE SOLUTIONS, 

For detailed instructions for the protection of the cooling ayil 
during cold weather operation, see paragraph 33 f. 
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■impection while operating. 88 

Synchronizing engine speeds 89 

k'nmplete clutch adjustment. 90 

hii remove the clutch housing and clutch assemblies 91 

k pection after removal 92 

I ftiteh plates • ■ $3 

1 install clutch housing and clutch assemblies 94 

[la CLUTCH. 

Knrh engine has its individual clutch, which serves as a coupling 
■ i ween the engine and the motive-power train, consisting of the power 
I msfer unit, propeller shaft, transmission, differential, final drives, 

il sprockets. The clutch is between the engine flywheel and the power 
" msfer unit. 

I OPERATION. 

I ^pressing the clutch pedal moves the clutch pressure plate away 

■turn the flywheel, mounted on the crankshaft, thus permitting the fly- 

*Ih 1 1 and pressure plate to turn independently of the clutch disk, 

inted on the engine drive shaft. When the clutch pedal is released, 

[tin dutch pressure plate spring forces the pressure plate toward the 

wheel, securely clamping the clutch disk between the pressure plate 

piil I he flywheel, causing the disk to turn and to transmit engine power 

ili- drive shaft. Clutch engagement should be carefully controlled, 

|*i prevent excessive slipping. 

I CARE. 

I'hi* release bearing for each clutch is lubricated through a special 
ting, reached through the engine shroud from within the crew com- 
mitment. (See par. 26, Lubrication Instructions.) 
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88. INSPECTION WHILE OPERATING. 

Faulty operation, such as slipping, grabbing, or rattling, as nnt«| 
by the driver, should be reported to ordnance maintenance pers 

89. SYNCHRONIZING ENGINE SPEEDS. 

a. Allowable variation. When the clutch pedal is depressed, the - 
rate clutches of the two engines are released, permitting each engim I 
run free. Ideally, both engines should run at the same speed, as mill 
cated by their tachometers; but some variation in their speeds i,<i im 
avoidable, and a slight variation is permissible. At 1200 to 2100 i • 
lutions per minute (top governed speed), the difference in speed shotltf 
be not greater than 200 revolutions per minute. With engines i>l 
the speed of each engine should be not less than 400 or more thnn i 
revolutions per minute, and engine speeds should be adjusted so ili.i 
each engine runs within that range. 

b. Importance of synchronizing. When one engine lags greatly hdil 
the other engine, full power from the twin unit cannot be obtained « 
full throttle. Also, uneven wear on the clutch facings will result, mil* 
in starting and gear shifting the clutch on the faster engine wilt H 
subject to more slippage than will the clutch on the slower enginfl 

c. When fault is throttle linkage (fig. 91). The following instruct liifli 
are for correcting unbalanced engine speeds only when the fauli c I 
the linkage between the foot throttle (or the hand throttles) and lH 
governor control levers. Therefore, before undertaking to equullfl 
speeds by adjusting the throttle linkage, first disconnect the hori/im|J 
throttle roils from the governor control levers and check engine spflfl 
with both clutches locked out. 

(1) If the engine speeds are not nearly equal, the fault lies in oi 

both engines. To correct, carry out the indicated procedure outline I 
Engine Tune- up (par 51). 

(2) If the engines, with their throttle linkage disconnected, run « 
(nearly) equal speeds, but become unsynchronized when the throllli 
linkage is reconnected, the linkage must be adjusted. 

d. Free-up throttle linkage. A common cause of unequal <mii 
speeds is binding or stiffness in the throttle linkage. To correct, lli 
oughly oil all clevis pins, bell cranks, cross shafts, levers, and o(M 
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points of friction, and make sure the linkage operates freely ami m ' 

1y. If engine speeds are still unbalanced at speeds above 1200 n 
tions per minute, adjustments in the throttle linkage must he mmli 

e. Adjusting throttle linkage dig. 91). 

(1) Depress eluteh pedal and lock out both clutches. 

(2) Start and warm up both engines. 

(3) With hand throttles in idle position, note idling speed of m 
engine. 

(4) While a man inside the tank slowly operates the foot IhmiiN 
closely observe movement of the governor control lever on each . m 
governor: 

(a) Interrupted, or jerky, travel of the governor control level Im 
cates binding or cramped throttle linkage. Check linkage (fjfl 
preceding). 

(b) Unequal travel, with one throttle lever reaching full fuel po^fl 
before the other, indicates linkage unequalized. Correct as follow 

1. With engines idling, remove clevis pin from throttle rod 
ernor control lever on the engine that requires speed adjustment. 

2. To increase engine speed, screw clevis toward end ol ■ 
CAUTION: This is a sensitive adjustment. From 14 to 3 turn 
usually be enough. 

3. Connect throttle rod to governor control lever and cheek oflfl 

tachometers. (If necessary, further adjust the clevis until corrccl «• 

speeds are attained.) 

90. COMPLETE CLUTCH ADJUSTMENT (fig, 92). 

a. Complete clutch linkage adjustment consists of two sepm 
operations, as follows: 

(1) Adjustment of the tumbuckle on the single long rod to olrifl 
proper relationship between clutch pedal and clutch lockouts. '1% 
pedal linkage adjustment does not require further attention aftol fi 
tory adjustment, unless the linkage is badly worn or has been d;uiiuii«l 

(2) Adjustment of the two synchronizing links for free pedal W%m 
and proper dual clutch engagement. This synchronizing adjnsli 
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will be required occasionally to compensate for clutch wear ;mil 
equalize the engagement of the two clutches. 

b. Clutch pedal linkage adjustment (fig. 92). 

(1) Adjust clutch pedal position. 

(a) Remove clevis pin from pedal link. 

(b) Adjust stop screw so that pedal foot pad has 11 inches travel, 

(c) Install clevis pin. 

(2) Adjust linkage between clutch pedal and lockouts. 

(a) Place the two idler levers in lockout position by shortening I lit 
synchronizing links until lockout shafts can be revolved. Then lenr 1 • 
synchronizing links about three turns. 

(b) Hold clutch pedal all the way down. 

(c) Adjust turnbuckle on long rod until both idler levers just in 
from the lockout shafts. 

(d) Continue to shorten rod one-half turn of turnbuckle. 

(e) Tighten two lock nuts. 

(f) CAUTION: Do not use turnbuckle to renew free pedal Inivnl 
lost through clutch wear, or lockouts will not operate. 

c. Synchronizing adjustment (fig. 92). This adjustment is requirml 
when free pedal travel has decreased to one inch, and for synchro mi Ii 
clutches. The procedure is as follows: 

(1) Check clutch disk wear. 

(a) Remove inspection hole covers from flywheel housings. 

(b) When clutch wear marks (see inset diagram at lower right in llu 
92) on driving lugs and clutch cover appear staggered, remove tlit» 
shims from under the twelve clutch cover plate bolts before adjuNtlnf 
synchronizing links. 

(2) Adjust synchronizing links. 

(a) Release both clutches from lockout position by depressing cluloll 
pedal all the way and pushing in lockout buttons. Release clutch |>«<iImI 
to uppermost position. 
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(b) Adjust the two synchronizing links to give ^fa-inch free travel in 
I lie elongated slots in each of the idler levers, and tighten four lock 
nuts. (This adjustment will give a free pedal travel of three to four 
Inches.) 

(c) Hold down the clutch pedal and run both engines at about equal 
ppeed above 1000 revolutions per minute. Synchronize the hand 
ih rattles if necessary. 

(d) Place the transmission in fifth gear, let the clutch pedal up slowly, 
nnd observe the speed changes on the two tachometers. 

(e) If both engines drop off in speed together, the clutches are syn- 
rhronized. If one engine does not drop off in speed as soon as the 
wrond engine, shorten the synchronizing link slightly on the first engine. 

(T) Check lockout operation. (See next paragraph.) 
(3) Check lockout operation. 

(a) Hold clutch pedal all the way down. 

(b) Pull out two clutch lockout buttons, and release clutch pedal. 

(c) It must now be possible to revolve the propeller shaft by hand 
with the transmission in neutral. 

(d) If this is not possible, lengthen each of the two synchronizing 
links one- third turn and recheck operations from (2) (c) r above. 

•it. TO REMOVE THE CLUTCH HOUSING AND CLUTCH 
ASSEMBLIES. 

With the power unit removed from the tank, proceed as follows to 
ivmove the clutches for inspection and replacement of plates, bearings, 
0) other parts: 

a. Remove the transfer gear housing assembly (par. 72 b; see fig. 81). 

I). Disconnect the clutch turnbuckles from the clutch shifter levers. 
Loosen the jam nuts ($£4nch open-end wrench) at each end of the 
Hutch turnbuckles. Unscrew the rods from the clutch shifter arm 
clevises (j^-inch open-end wrench). 

C. Remove the bolts (lockwashers) holding the clutch housing to 
I ho flywheel housing (fig. 93). 
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Figure 93 — Removol of Clutch Housing Assembly 



(1) Use a %5-inch socket, short extension, and ratchet handle wrcnolfc 

(2) In order to remove the four lower center bolts, first remove It* 
four pipe plugs which cover them (M-inch drive socket handle). 

d. Remove the clutch housing inspection hole covers (fig. 93). 

(1) Remove the two bolts and lockwashers which hold each eovei ti- 
the clutch housing. 

(2) Unscrew the clutch release lubrication fitting (I^-inch open i 
wrench) and remove the fitting and plate, 

e. Remove the clutch housing assembly (fig. 93), 

(1) Take four of the bolts (just removed) that held the clutch lmu«. 
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ing to the flywheel housing and screw them evenly into the four tappi l 
holes in the clutch housing, thus drawing the housing off the dowil 
pins. Exercise care to draw housing off the dowel pins evenly, to avoid 
distorting the housing. 

(2) Lift off the assembly, carefully disengaging the clutch shil 
shaft yokes. CAUTION: When lifting off, be careful not to dam 
tachometer cables, temperature gage tubes, and leather oil seal' 
clutch drive shafts. 

f. Remove the clutch assembly (fig, 94). 

(1) Loosen evenly the twelve clutch assembly bolts (J/^-inch sorkH 
wrench) which hold the clutch assembly to the flywheel, until all Uifli 
sion on the bolts is relieved. (This prevents bolts from binding.) TImmi 
remove all bolts and lockwashers. 

(2) Pull out and lift off the clutch assembly, including the clulih 
release bearing assembly. (Note shims between the clutch assembly nrn| 
the flywheel.) 

(3) Lift out the clutch driven disk assembly (fig. 95). 

92. INSPECTION AFTER REMOVAL. 

After the clutch housing assembly and the clutch assembly luiv* 
been removed, all possible parts should be inspected. (If further din 
assembly is required, notify ordnance maintenance personnel.) To 
inspect: 

a. Wash all parts except the disk. 

b. Inspect clutch driven plate and splines for wear. Check cluLi'h 
facings for wear, loose rivets, evidence of overheating, and glazing M 
condition of facings appears satisfactory, measure total thickness al 
driven plate at three different locations on the facings. If minimum 
reading is less than ,370 inch, the shims between the clutch cover ami 
the flywheel should be removed before reinstalling the clutch assembly 
If the minimum thickness is less than .340 inch, the clutch driven pi ill « 
assembly should be replaced. (Do not attempt to replace the clutch 
facings, as the clutch driven plate is serviced only as assembly.) A Inn 
inspect the clutch driven plate hub splines for improper fit dm li 
excessive wear or burred edges. The engine drive shaft should have | 
free sliding fit in the hub, without excessive play. Remove burrs by 
honing damaged part, or make necessary replacement. 
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Figure 95 — Clutch Driven Disk Assembly 



93, CLUTCH PLATES. 

Clutch plates provide for gradual and smooth application of power, 
and for positive non-slipping drive when fully engaged. Worn or dam- 
aged clutch plates should be replaced with new or rebuilt plates (notity 
oid nance maintenance personnel). 

M. TO INSTALL CLUTCH HOUSING AND CLUTCH ASSEMBLIES. 

To replace the clutch, follow in reverse the steps for removing the 
clutch housing assembly and the clutch assembly (par. 91), except 
1 1, at the following precautions must be observed: 
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Figure 96 — installation of Clutch Driven Disk Assembly 






a. Installing clutch driven disk assembly (fig. 96). 

Insert pilot tool J-1915 through the disk assembly into the flywhrf 
clutch shaft pilot bearing to hold the disk in position while theVhilfH 
assembly is being installed. 

b. Installing the clutch housing assembly. 

Before installing the housing over the dowel pins on the flyw 
housings, tie a cord to the grease fitting on each clutch release hi-tn lug 
hose and draw the ends up through the clutch housing inspection holm 

c. Install new gaskets on clutch housing inspection holes. 

d. Installing clutch shifter levers. 
Use a soft hammer to pound the levers on to the shifter shafts. 
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PROPELLER SHAFT 

Paragraph 

1 )i'Hcription 95 

lubrication 96 

Inspections. 97 

Id -placement 98 

1)5. DESCRIPTION (fig. 97). 

The propeller shaft, which transmits power from the engine driven 
haft to the transmission, is equipped with a universal joint at each 
• n I Hack of the front universal joint is a splined slip joint to allow for 
variations in the length of the shaft while it is in operation. The pro- 
toller shaft is enclosed in a housing, or tunnel, on the crew compart- 
1 1 H hi floor under the turret platform. 

16. LUBRICATION. 

lioth the universal joints and the slip joint require lubrication. (See 
par. 26, Lubrication Instructions.) 

ft. INSPECTIONS. 

a. The universal joints should be inspected during the 50-hour and 
I lu i 100-hour inspection to determine whether the bearings and cups 
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Figure 97 — Propeller Shaft, Separated at Slip Joint 
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are worn. (Symptoms of wear on these parts are excess vibration n 
noise while the shaft is in motion.) Worn bearings will necessitate Mm 
replacement of the shaft. 

b. Inspection should be made for leaking grease seals, indicated In 
streaks of lubricant inside the universal joint covers of the how in 
Leaky seals should be replaced. 

c. With the engine stopped, the shaft should be tested for loosenom, 
and the bolts on the front and rear flanges tightened if necessary. 




TRANSMISSION 



speedometer 
cable 

connection 
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Figure 98 — Front Universal Joint, Inspection Cover Removed 
98. REPLACEMENT. 

To remove the propeller shaft, it is not necessary that either tlin 
power train or the turret and turret platform be removed, but when<>\ .•. 
the power train or the turret-platform assembly is removed for anj 
purpose, the propeller shaft should be thoroughly inspected in ord« 
that any necessary work on it may be done readily. 

a. Remove propeller shaft. 
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1 1 1 Remove assistant driver's seat. 

In) Lift off the seat back. 

(h) Pull out knob at seat post base and lift out seat post and seat. 

K) Remove parts from tank through assistant driver's door. 

(2) Remove two bolts holding front universal joint housing cover 
I 'k- inch open-end wrench) and remove cover. 

(3) Remove nine bolts (%rmch open-end wrench) holding front. 
PCtion of propeller shaft housing, and remove the section. 

(•1) Remove 75-mm. ammunition box. 

(;i) Remove one screw each from the two clips holding electrical 
mduit to top front edge of ammunition box, 

1 1)) Remove the two lock nuts (-Vg-inch open-end wrench) from the 
--in bottom edge of the ammunition box. 

ic) From underneath the tank, remove two slotted bolts (large screw- 
Briver) which hold rear of ammunition box to floor of tank. (These 
vo bolts are just behind the hull floor front cross braces.) 

(d) Slide ammunition box out through power train opening. 

(T») Remove stowage box behind 75-mm. storage rack on tank floor. 

(6) Remove U-shaped slip ring support from top of propeller shaft 
housing by backing out two bolts (£f 6 -inch open-end wrench). 

(7) Remove rear section of the propeller shaft housing (i^-inch, 
iiu'h, >fr mc h wrenches) and take out through turret hatch opening. 

(8) Remove propeller shaft housing center cover (^-inch open-end 
■Tench). 

(9) Remove front and rear propeller shaft housing cross braces from 
limit J e housing. 

1 10) Uncouple companion flanges of rear universal joint by removing 
pi^ht. bolts and lock nuts (two %;-inch open-end wrenches). 

ill) Separate the two sections of the propeller shaft by unscrewing 
■ap at the slip joint, sliding splined end of shaft out of the universal 
Jim ii I. yoke. 

[ \2) Remove propeller shaft through escape hatch or assistant 
((river's hatch. 
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POWER TRAIN UNIT 

Porefl^H 

Power train components Hi) 

Transmission | no 

Differential Hi I 

Adjustment of steering brakes I n 

Parking- brake HJ 

Lubrication of power train tin 

Removal of power train unit I on 

Installing power train unit Hill 

Final drive units |n, 

Lubrication of final drives |()K 

Replacement of final drives Hill 

99. POWER TRAIN COMPONENTS. 

The power train unit (fig. 99) comprises the transmission, <lill. | 
ential, and the two final drives, all of which are lubricated by a sinirtl 
oil circulating system, including a pump and an oil cooler. The ml \\* 
power train unit may be removed from the tank as a single a,v 
bly. Only the final drives may be removed from the tank as sepw 
units. The differential and the transmission are always rem 
together. 

100. TRANSMISSION (figs. 99 and 104). 

The transmission, synchronized type, has five forward speed i 
one reverse. Synchronizers, to facilitate gear shifting, are provlilwil 
for all speeds except first and reverse. The gears for all speed* nt* 
in constant mesh. A parking brake, built into the transmission 
operated by a lever to the right of the driver. This brake is lo '# 
applied only when the tank is at a standstill. (In later models, tH 
steering brakes may be locked in applied position, and there i ■ 
parking brake on the transmission.) 

101. DIFFERENTIAL. 

a. Operation. The differential is called a controlled differed til 
because it not only serves to permit one track to move slowiM 
faster than the other to compensate for irregular ground or tuihfl 
(as does the ordinary automobile differential), but also may be niii- 
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trolled by the operator to cause either track to run slower than Urn 
other, for steering the tank. When a steering brake lever is pnllml 
back, it tightens the brake band and slows or stops the brake dm 
on its particular side. This slowing or stopping of the brake drill 
and its compensating shaft slows down (but cannot stop) the I nu'l 
on the side on which the steering brake is operated, and can- 
corresponding increase in the speed of the other track, so that Ih* 
tank turns toward the side of the slower track. Sharpness of Hi* 
turn depends on the force with which the steering lever is pulled 
the two steering levers are operated equally, the tank will slov 
stop without turning to either side. 

b. Housings. Most M4A2 Medium Tanks have one-piece dill« : 
tial housings. A few models have three-piece differential housinjll 
The operations covered in this manual apply only to different I fill 
with one-piece housings, except where the operations are similai 

102. ADJUSTMENT OF STEERING BRAKES (figs. 100-103), 

a. General. Steering brake shoes can be adjusted or replug 
without removing the power train unit from the tank. The woi I 
done inside the tank through openings in the differential hnimlnf 
directly in front of the driver's and assistant driver's stations. TH 
openings are covered by rectangular steering brake drum cnvnf 
plates, each of which has a round access port in the upper seel I 
for minor brake adjustments. When steering brake levers have Iimi 
much over-travel, check for worn brake linings; when brake n\t\M 
cation is not fully effective, check for glazed brake linings; wln»n A 
screeching is heard when brakes are applied, check for brake lmmp« 
worn down to rivet heads, or foreign matter between brake linn 
and brake drum. Adjust brakes or replace brake shoes as remiiiml 
Brake shoes with badly worn or glazed linings, and linings whim 
down to the rivet heads, should be replaced immediately to piw< \\\ 
scoring of brake drums. 

b. Steering brake adjustment (minor). When the tank 
equipped with new brake linings, and the steering brake levufj 
linkage, and steering brakes are in correct adjustment, the steering 
lever has a free travel of four inches. As new brake linings wear* IR| 
it will be necessary to make minor brake adjustments, from tinn 
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I line, so as to hold steering lever free travel to a maximum of eight 
Inches. (Steering lever free travel is the distance the tops of the 
»l poring levers move from the fully released full forward position, 
Igainst the stops, to an almost vertical position where the brake 
•lines are felt to make contact with the brake drums.) These ad- 
lUBtments are made as follows: 

(1) Remove the brake adjustment port caps and gaskets (2*4 - 
fcch wrench). 

(2) Insert wrench (1%-ineh socket, extension, and ratchet 
handle) into port (see fig. 101) and back off or take up brake adjust- 



BRAKE ADJUSTING 
NUT 




ROD 
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Figure 100 — Details of Brake Shoes end Brake Shaft 
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ing nut (see fig. 100) the necessary number of notches l<> ml 
steering levers to free travel of eight inches. NOTE: Backini 
adjusting nut lengthens free travel; taking up on the nut sIhm 
the travel. The following table indicates the number of imlil 
needed to correct travel: 

If free travel of Number of notcln 

steering lever is on brake adjusting Htl 

4 inches Back off 4 or I 

6 inches Back off 2 i n 

8 inches 

10 inches Take up 2 or !i 

12 inches . . . Take up 4 or o 

14 inches Take up 6 or 1 

(3) Remove socket wrench. CAUTION: Be careful that hocIN 
does not come off extension and drop into differential housing. 

(4) Check steering brake levers for equal travel. A notch n 
two on either or both of the brake adjusting nuts, in either din - 

is permissible to effect equalization. CAUTION: Do not eh 
steering lever stops. 

(5) Measure steering lever free travel at the tops of the steetlMf 
levers. 

(6) Replace brake adjustment port gaskets and caps and IikI 
securely. 

c. Steering brake adjustment (major). 

Major brake adjustments are necessary when brake liniu 
worn out, brake drums are worn or scored, or unsatisfactory I 
ing operation cannot be corrected by a minor brake adjust n 
The following instructions will be observed also when new l>ni 
linings have been installed, the power train has been removed - 
the steering brake lever linkage has been disconnected or chan 

(1) Drain power train (par. 104 d). Oil must be drained IxtfOH 
the steering brake cover plates are removed. Drain oil into rltifti 
containers, sufficient to hold 152 quarts. NOTE: If lubricating I 
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Figure 101 — Ad/usfing Steering Brake Shoes 



is to be used again, it must be filtered through clean cloth before it 
is poured back. 

(2) Check index marks. Make certain that levers are correctly 
indexed. The brake cross-shaft lever, right, and the actuating 
lever for the right brake, should be installed with marks on ends of 
shafts and hubs of levers in line. Connect the lever rod to the 
actuating lever by installing the pin and securing it with cotter pin. 
The brake cross-shaft lever, left, and the actuating lever for the left 
I rake, are correctly positioned on shafts when the marks on hubs 
..I lever are two serrations ahead of marks on ends of shaft. If 
inde'x marks are absent or indistinct, mark shaft ends and lever 
hubs (before disassembling) with prick punch marks in line, to 
assure correct reassembling, 

(3) Disconnect steering lever linkage. Remove cotter and clevis 
pins from steering lever connecting rod upper yokes and disconnect 
rods from left brake actuating lever and from brake cross-shaft 
right lever, both on the left side of the differential housing. 
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(4) Remove steering brake cover plates and gaskets (%-ln*h 
socket and ratchet handle). 

(5) Adjust brake shoe supporting screw. Back off supportllij 
screw jam nut (1-inch open-end wrench) and adjust suppoiUi 
screw (%-inch open-end wrench) to give .005-inch clearance bel ■ 
brake drum and brake lining directly over supporting screw, 
Tighten supporting screw jam nut, and recheck. NOTE: Use f. I 
gage to get correct measurement. 

(6) Apply an approximate 50-pound force to the brake en 
shaft left lever (left side of differential housing), to fully compruK 
the right brake shoe assembly against the brake drum. Mninlrtlh 
this force while adjusting right brake. 

(7) Turn right brake adjusting nut (li/«-inch socket, extern loi 
and ratchet handle) as required, to position the brake cross-sUM 
left lever, so that the center of the clevis hole in the end of the h" 
measures exactly two inches above the top horizontal macliin 
surface of the left side rail of the differential housing (see fig. ill) J 
NOTE; Taking up on the adjusting nut raises the lever; bad 
off the nut lowers the lever. 

(8) Remove 50-pound force or load from brake cross-shaft l.n 
lever. 

(9) Remove socket, extension, and ratchet handle from rij 
brake adjusting nut. 

(10) Apply an approximate 50-pound force to the left bnil 
actuating lever (left side of differential housing), to compress lln 
left brake shoe assembly against the brake drum. Maintain 111 In 
force while adjusting left brake. 

(11) Turn left brake adjusting nut (li/fc-inch socket, extendi 
and ratchet handle) as required, to position the left brake actu;«i 
lever so that the center of the clevis hole in the end of the lew 
measures exactly 3%. inches below the top horizontal machined sin 
face of the left side rail of the differential housing (see fig. 99). 

(12) Remove force or heavy pressure from left brake actuating 
lever. 
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(13) Remove socket, extension, and ratchet handle from left 
■Take adjusting nut. 

(14) Adjust steering levers. 

(a) Loosen lock nuts on steering lever stop screws. 

(b) Adjust steering lever stop screws to position both steering 
bvers even with each other and with their rear edges two inches 
Ihead (toward front of tank) of the center of the clevis pin hole in 
the brake cross-shaft left lever (the lever between the two steering 
levers), when that lever is in the down position. 

(c) Tighten both stop screw lock nuts. 

(15) Adjust steering lever connecting rods. Apply an approxi- 
mate 50-pound force first to the brake cross-shaft left lever, and 
then to the left brake actuating lever, both on the left side of the 
pausing* While this force is applied, perform the following oper- 
J ma, first on the right steering lever connecting rod and then on 
I lie left rod. 

(a) With steering lever forward against its stop, adjust yoke on 
i> . ling lever connecting rod so that the clevis pin hole in the yoke 
Ik in line with the clevis pin hole in the brake shaft lever. Further 
ii.liust yoke approximately i/f-inch, or five full turns; to increase 
l« mgth of rod. Remove load from lever, line up lever clevis pin hole 
ii nd yoke clevis pin hole, and install clevis pins and cotter pins. 
NOTE : This additional length on each steering lever connecting rod 
will provide the necessary clearance between brake lining and brake 
drum and give the correct four inches of steering lever free travel, 
measured at the top of the steering lever handle. Each ^-inch added 
lo length of the connecting rod adds 2 inches of free travel to the 
Meeting lever. CAUTION: Be sure clevis pins are properly locked 
with cotter pins, and that lock nuts on stop screws are tight. 

(16) Test steering levers for equal travel. A notch or two on 
ii her or both of the steering brake adjusting nuts, in either direc- 
tion, is permissible to effect equalization. 

(17) NOTE: A nominally correct adjustment will have been 
obtained when the brake shoes just engage the brake drums when 
the steering levers are pulled back to a nearly vertical position. 

279 



TM 9-73 IB 

• 102 



TM 9-731 B 
11 102 



MEDIUM TANK, M4A2 



(18) Install both steering brake drum cover plates and gu.sk #|J 
(Make sure gaskets are in good condition.) 

(If)) Refill power train with lubricating oil, following instruction! 
in Lubrication Guide (par, 26, Note 6 a) . 

d. Removal of brake shoes. 

(1) Drain power train unit (par. 104 d). 

(2) Remove driver's and assistant driver's seat. 

(3) Disconnect steering lever connecting rod clevises at the 111 
aide of the differential housing. 

(4) Take off steering brake cover plates and gaskets {-'j/j I rid 
socket, extension, and ratchet handle), and wipe out the housing, 

(5) Loosen lock nut and turn down supporting screw (1-inch mnl 
%-inch open-end wrenches) below brake shoes as far as possiMi 
provide clearance when removing shoes. 

(6) Disconnect brake shoes (fig. 102). 

(a) Remove brake adjusting nut (1^-inch socket and r-il.i 
handle). 

(b) Remove spring clip from brake adjusting rod. 

(c) Push end of brake adjusting rod through brake shaft pin ii 
remove washer and spring. (CAUTION: Take care not to cM 
washer inside housing.) The end of brake shoe assembly to 
front of tank is now free, and the assembly will slide part wu; 
the top of the brake drum to rest against the differential hon 

(d) Remove cotter pin from center lobe of brake shaft cam D| 
shoe link. 

(e) Remove the three bolts holding the brake shaft trunnion \t 
the differential housing. To provide clearance to push the pin 
necting the brake shaft cam and shoe link toward the center of (hi 
differential housing, pull trunnion out at least one inch, moving Mm 
brake shoe and brake shaft linkage far enough toward the oul 

of the housing to give the required clearance. 
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(f) (Right brake only.) Before removing the trunnion bolts 
remove cotter and clevis pin from the lower yoke of the brake shaft 
lever rod, on right side of differential housing, which connects the 
brake cross-shaft right lever to the right brake actuating lever. 

(g) Insert screwdriver in groove around end of pin. Pry pin 
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Figure ?02 — Disconnecting Brake Shoe from Link 
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toward center of differential housing until brake link is free ■ 
can be removed from brake cam. Brake shoe assembly is now 1'rntt 
NOTE: As pin cannot be freed entirely from brake cam becmiM 
end of pin strikes against the differential carrier, it will be neces 
to manipulate the trunnion until pin can be moved far enough « 
allow link to drop out of cam. 

(7) Withdraw brake shoes (fig. 103). Pull brake shoe assemltl 
around and from under brake drum toward inside of tank. 1 1 ■ 
pinch bar to aid in working it out. CAUTION: Use care in worl h 
hinged section of brake shoe assembly over supporting screw. 

(8) Inspect all brake parts for wear, breakage, or drum scon mm 
Replace, if necessary. Wipe out housing and remove any fori 
matter. 

(9) Disassemble brake shoes by removing cotter pins and llrtl 
pins. 

(10) Inspect pins and holes for wear. Inspect lining for wear- Mill) 
loose rivets. Replace shoes having worn linings. 

e. Installation of brake shoes. 

(1) Check to see that brake shoe supporting screw is sen 
all the way down. 

(2) Fasten wire to brake adjusting rod and second wire to ad j u I 
ing rod yoke. 

(3) Pass wires under drum, up between drum and different ml 
housing, and over top of drum. Use pinch bar to ease assernbl 
over supporting screw. 

(4) Feed brake shoe assembly, beneath and up around drum 
pulling from the top with the wires. 

(5) When brake shoe assembly comes around the top of Lh| 
brake drum, fasten wire attached to adjusting rod yoke to bnikf 
cross-shaft support bracket to hold section in place, 

(6) Connect brake shoe assembly. 

(a) Move trunnion toward outside of differential housing. 
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(b) Lift link end of brake shoe assembly into place in brake shaft 
cum. 
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Figure T03 — Removing Brake Shoes from Below Drum 
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(c) Slide pin connecting link and cam into place. Manipnl 
trunnion as necessary, NOTE : Be sure slotted end of pin is town 
center of differential. 

(d) Aline cotter pin holes, and insert pin. NOTE: Pin has a Mini 
in the outer end, in which a screwdriver may be inserted to rotali 
pin. To reach this slot with a screwdriver, it is necessary to remo\ • 
the brake actuating lever from the brake cam shaft. Remove cap 
screw (9/16-inch wrench) and drive lever off shaft. Remove brakl 
shaft trunnion by removing three cap screws (1-inch wrench) ami 
lock washers attaching the trunnion to the carrier. After installing 
and splitting the cotter pin, install the trunnion and the three cap 
screws and lock washers (1-inch wrench). Install brake actuating 
lever and secure with the cap screw (9/16-inch wrench). 

(e) Remove wire from brake adjusting rod and install spring 
Install the washer. Hold washer against spring with left hand ami, 
by means of the second wire, pull the adjusting rod yoke toward tin* 
steering brake opening with the right hand. 

(f) Position adjusting rod in brake shaft cam pin, flat side of pin 
facing adjusting rod spring, washer against flat of pin. Pull adjual 
ing rod through cam pin by means of the wire and hold spring com 
pressed for installation of clip and adjusting nut. 

(g) Instill clip, NOTE: Install clip with flat side of clip agaiiutl 
round side of brake shaft cam pin, clips outward and in vertical 
position. 

(h) Install adjusting nut, bevel side in. 

(i) Remove wire, 

(7) Position brake shaft trunnion and tighten bolts. 

(8) (Right side only.) Connect brake cross-shaft right lever rod 
to right brake shaft actuating lever. Line up index marks on hub 
and shaft end. 

(9) Adjust brake supporting screw until .005-inch clearance in 
obtained with a feeler gage between brake drum and brake lininj 
directly above the supporting screw. Tighten supporting screw jam 
nut, and recheck. 
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(10) Check brake shaft ends and brake actuating lever hubs for 
Dorrect relation of punch marks. Adjust, if necessary. 

(11) Adjust brake shoes, steering levers, and steering lever con- 
necting rods (par. 102 b). 

(12) Install steering brake cover plates and gaskets. Be sure 
only good gaskets are used. 

(13) Install driver's and assistant driver's seat. 

(14) Refill power train unit with lubricating oil, following in- 
bI ructions in Lubrication Guide (par. 26). 

103. PARKING BRAKE (fig. 104). 

a. Linkage. The parking brake lever transmits motion to the 
conical brake shoe through a single toggle link, pivoted to the shoe 
and to the brake lever shaft. When the lever is pushed all the way 
forward, past the dead-center position of the toggle linkage, the 
lever remains locked in position, with the brake lining under com- 
pression against the brake drum. As the brake lining wears away, 
the linkage must be adjusted (lengthened) to restore full brake 
pressure when the brake lever is in the locked position. 

b. Adjustment (see fig. 104). 

(1) Remove parking brake lever with brake shaft lever attached, 
by withdrawing cotter pin from the shaft and sliding shaft out of 
the adjusting nut of the toggle link, removing the washer and 
spacer. 

(2) Screw the adjusting nut outward (counterclockwise), to 
lengthen the link and decrease the clearance between the brake 
lining and the drum. NOTE; The adjusting nut must be given a 
complete turn, or several complete turns, in order to bring the oil 
hole on top. 

(3) Reinstall brake shaft, spacer, washer, and cotter pin, and 
test adjustment. Readjust as necessary to effect complete contact 
between shoe and drum when lever is in the locked position. 

(4) When the proper adjustment has been attained, lock the 
brake by pushing the lever all the way forward, then loosen the 
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Figure 104 — Transmission, Rear View 



clamping bolt at the bottom of the brake lever, move the lever l.< 
vertical or slightly forward position, and tighten clamping boll 
Secure nut on bolt with cotter pin. 

104. LUBRICATION OF POWER TRAIN. 

a. Oiling system. The entire power train unit, which compriMM 
the transmission, differential, and two final drives, is lubricated b) 
a single oiling system. An oil pump, inside the transmission c 
draws oil from a sump in the bottom of the differential housing and 
forces it through an outlet on the left side of the transmission cuho, 
From this outlet the oil is forced through hose lines and tubes I., 
the oil cooler, through which it circulates, and then is returned to Mm 
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Figure 105 — Shift Lever, Link, and Yoke, Removed 

oil gallery of the transmission. From the transmission, the oil 
asses (through openings in the front wall of the transmission case) 
In the differential housing and two final drive housings, from which 
it is again drawn out by the pump to begin another cycle. An oil 
line from the tee connection in the return line from the cooler loads 
lo the differentia] carrier, where it delivers a constant stream of 
cnoled oil to the ring gear and pinion. 

b. Filling. The power train is filled with lubricating oil at the 
liller (see fig. 99) on the right side of the transmission case. 

c. Checking oil level. 

(1) A bayonet-type measuring gage, or dip stick, for measuring 
the oil level, is attached to the filler cap. To measure the oil level, 
remove the cap, wipe off the gage, then insert it into the transmis- 
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sion case as far as it will go, with the cap merely resting on to| 
the filler opening. Do not screw the cap in, 

(2) To determine accurately the level of oil in the power train 
place the vehicle on level ground. The tank must have been opei n i ■ 
enough to warm up the oil, and must have stood still for at least l)v# 
minutes to allow the oil to settle. The full oil level should be mull 
tained by frequent checking and adding oil as required. 

d. Draining. To drain the power train requires the removal u| 
three drain plugs — two underneath (one at each side) the diffcri'ir 
tial housing, and one on the bottom of the transmission hon h 
(accessible only through a eover plate on the underneath side of II.. 
hull floor). 

e. Filling drained unit. If the power train has been drained, m» 
filling requires special procedure. After putting in oil to raise lov*| 
to the full mark on the dip stick, operate the tank until the oil I 
warmed up, then stop the tank and allow five minutes for tin- mi 
to drain back to the transmission. Again check oil level and add nil 
up to the full mark on dip stick. If, after the correct total measured 
quantity of oil has been put into a drained power train, the level dotfi 
not come up to the full mark, it is because the oil has not yet full) 
drained back from the system after the warming-up run. 

f. t>H cooler. Because the oil in the power train absorbs not only 
the heat generated by the gears, but also that generated by I ho 
brakes in steering and stopping the vehicle, an oil cooler is proviitiul. 
It is mounted on the top center of the engine bulkhead, inside tilt 
crew compartment. The oil pump forces the oil through the pa 
ages here in the cooler, and air is drawn through the cooler core by 
the engine fans. CAUTION: Do not permit anything to block II, 
How of air to the oil cooler. It must be kept clear at all times. 

105. REMOVAL OF POWER TRAIN UNIT (figs. 106-108). 

a. Equipment, Besides the necessary tools, this operation requirufl 
three 10-ton jacks and a second vehicle or wrecker for towing. The 
tank being repaired must be on a firm and level surface. 

b. Procedure. 
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(1) Drain transmission and differential (par. 104 d). 

(2) Break the tracks. Break each track (par, 113 c (4)) just 
below the sprocket. Carry upper section to rear of tank and lay it 
Hat on ground, to permit tank to be backed up without running off 
tracks. 

(3) Detach towing cable. 

(4) Remove siren. Unbolt siren from fender, and wire or tie to 
headlight guard. 

(5) Remove front fenders. 

(a) Remove the three bolts (9 16-inch socket wrench) holding 
lender to the hull, using a short-handled screwdriver beneath the 
lender to hold the bolts from turning. 

(b) Remove the three bolts (l'/jrinch socket with 20-inch exten- 
sion and heavy-duty ratchet handle) and lock washers that hold 
the side plate of the fender to the final drive housing. (Using a bar, 
hi en sprocket, to gain access to the bolts.) 

(c) Remove two bolts (%4ncfe socket wrench and 20-inch ex- 
tension) underneath fender where it attaches to front slope and lift 
off fender. 

c. Break interior connections. 

(1) Disconnect universal joint (figs. 97 and 98). Remove the 
front section of the propeller shaft housing (par. 98 a (3), (I)) and 
disconnect universal joint by removing the eight bolts (two 9/16- 
inch wrenches) and lock nuts from the companion flanges, 

(2) Disconnect steering rods. Remove the cotter pins and clevis 
I »ins at the top ends of both steering lever connecting rods to dis- 
i-uimect them from brake shaft levers. 

(3) Remove two bolts (%-ineh open-end wrench) from right 
side of left brake drum cover plate on differential housing and 
n-rnove clips holding hand throttle and clutch lockout cables. Free 
cables and then replace bolts, screwing in by hand only enough to 
hold bolts in place. Leave clips attached to cables. 
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(4) Disconnect transmission oil temperature gage capillary I nlm 
from fitting at oil outlet on left side of transmission (%-inch <i\m\ 
end wrench). Pass gage line under steering lever cross slml'1 • 
clear, and tie up out of the way, being careful not to kink the rnMn 
or injure the end fitting. Tape end of gage line and the openini 
fitting on transmission housing. 

(5) Disconnect both stoplight switches by removing the mil* 
(%-inch open-end wrench) on the adjustable switch rods win. I- 
connect the stoplight switches to the brake shaft arms. Replug 
nuts on rods for safekeeping. 

(6) Remove siren switch bracket from side of power train, 

(7) Remove both stoplight switch brackets by removinj- | 
holts (%-inch open-end wrench) from left side of left brake d| 
cover plate on differentia! housing. Replace bolts, screwing in 
enough to hold in place. 

(8) Wire siren switch bracket, siren switch, and stoplitffl 
switches up out of the way. 

(9) Disconnect transmission oil cooler lines (1%-inch open . <• i 
wrench) at fittings on transmission housing. Cover fittings and 
line couplings with cloth or tape. 

(10) Remove machine gun trunnion pin (see fig. 11) and 111 
gun out of mount. Remove coil spring. 

(11) Disconnect speedometer cable from fittii.g at top righl i- »« 
of transmission housing by loosening knurled nut. Pass cable hihIm 
steering lever cross haft to clear and then tie up out of the wflfl 
Tape end of cable and opening in fitting. 

d. Free power train housing. 

(1) Use a power train carrier (figs, 107 and 108), or three ll 
draulic jacks, under the power train— one jack under the n-ui 
center of the differential housing, and one under each final ririvi 
housing (see fig. 106). Pull up the jacks until they are solidly lo.-i 
making certain that each is squarely in contact with a Hat sin I 
of the housing. 

(2) Remove the 20 bolts and lock nuts (lVfc-inch socket wrenfll 
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Figure 706 — Power Train Unit on Jacks, Ready fo Be Detached from Hull 

with heavy-duty ratchet handle) which hold the lower edge of 
power train housing to tank floor. Lock nuts must be held from 
inside. 

(3) With a man inside the tank holding the nuts (1 '/trinch open- 
i-ikI wrench), remove all the bolts (39) from the sides and the top 
where the power train is joined to the tank hull. The upper cornet- 
holts on each side holding the power train to the hull are the only 
hulls with lock w r ashers. 

(4) If necessary, loosen side plate shims from inside tank by 
hitting smartly with a hammer and 1 /H n ch punch or drift. 

e. Block up power train. For the security of the power train, and 
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Figure 7 07 — Power Train Carrier 



to permit the release of the three jacks, install heavy h|i 

under the final drive housing and the differential, leav 

clearance to permit lowering the power train enough for II li 
the hull. The blocking- under the final drives should bo nol 
than twelve-by-twelves, about four feet long, 

f. Separate power train from the tank. Slowly raise ink li 
in rotation, until the housing breaks free from the hull. As > i 
measure, anchor the housing with chains from the tow m i 
to some solid anchorage ahead of the tank. Attach a town. 
to each rear towing shackle and then, with wrecker or othci 
pull tank slowly and with extreme caution, on a straighl Inn 
on its own tracks, away from power train. CAUTION ; 
man inside the tank to see that the transmission and the )•■ >• 
and parking brake levers clear. Additional clearance for I he I 
may be gained by lowering the jack under the differential 
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g. Remove jacks. As soon as the tank is clear of the power train, 
(ower the jacks evenly to let power train unit rest on blocking, and 
remove jacks. 

106. INSTALLING POWER TRAIN UNIT. 

a. Equipment. Besides the necessary tools, a second vehicle or 
i ker, and three ten-ton jacks, are required. 

I>. Procedure. 

( I ) Line up tank and power train. 

(a) The power train unit must be centered on blocking so placed 
' to allow room for the installation of jacks. It must also be 

•liii irately lined up with the tank. 

(b) Apply soft-drying mineral putty to all attaching edges of 
I ii i wo r train. 
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(c) Install jacks under the differential and power train houifl 
(par. 105 d) and raise the unit high enough for the bottom Hanft 
clear the top of the hull floor. 

(d) With blocking still in place, slowly and carefully push | 
tank up to the power train housing with a wrecker or other vrl 
(Station a man inside tank to see that control levers and tranintl 
sion clear.) 

(2) Install housing. 

(a) Install and line up the side shims, holding them in place will 
a soft-drying mineral putty. 

(b) Line up the bolt holes in the power train with those in \M 
tank hull side plates. (This operation may require moving the limb 
slightly forward or backward, or raising or lowering one or im-io 
of the jacks.) Use drift to keep holes lined up. Place four rqii 
spaced bolts in each side and four equally spaced across the top 
housing to hold power train in line. 

(c) Lower jacks gradually, in rotation, until the top ol " 
housing seats on the tank hull front slope. 

( 3 ) At tach housing to tank. 

(a) Install and tighten the top-slope bolts and lock nuts, and ni 
bolts and lock nuts (l'/ii-inch socket wrench and heavy-duty nili 
handle). 

(b) Install the bottom bolts and lock nuts. Have man insiili 
nuts (1 '/jj-inch open-end wrench). 

(c) Remove blocking. 

(4) Connect propeller shaft, 

(a) Line up the holes in the propeller shaft and transnil 
companion Manges. Install connecting bolts and lock nuts (two '■ n 
inch wrenches). 

(b) Replace propeller shaft housing front cover section. 

(5) Connect steering levers. Install the clevis pins conned ii 
brake shaft arms to the steering lever linkage. CAUTION 'I 
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Mils must be secured with cotter pins. Adjust position of steering 
ivers (par. 102c (14), (15)). 

((i) Connect oil cooler lines. Install and tighten the flexible inlet 
.ii.l outlet oil cooler lines to the fittings on the transmission housing 
(1%-inch open-end wrench). The long (outlet) line is connected to 
l he forward fitting, the short (inlet) line to the rear fitting, 

(7) Attach clips holding hand throttle and cluch lockout cables 
p right side of left brake drum cover plate (94-inch open-end or 
locket wrench) where cover plate bolts were left in place. 

(8) Connect oil temperature gage capillary tube to fitting on 
[ \ ntnsmission lubricating oil outlet. 

(fl) Attach stoplight switches and brackets to left side of brake 
I rum cover plate where two bolts were left in place. 

(10) Attach the adjustable stoplight switch rods to the brake 
■hurt arms. Test switches, by moving steering brake levers, and 

.oh i ist rods if necessary. 

(11) Attach siren switch bracket. 

( 1 2) Connect speedometer cable at top right side of transmission. 

(13) Install cal ,30 machine gun. Slide barrel of gun through 
■vvivel mount, and install trunnion pin. Install gun mount spring 
itul spring seat. 

Ill) Install front fenders. 

(15) Install siren. 

(Mi) Fill power train unit with oil (see par. 104 e). 

(IT) Connect tracks ( see fig. 121). 

1 1*7. FINAL DRIVE UNITS. 

Phe final drives transmit power from the differential to the driv- 

procket hubs. Each final drive unit has a pair of herringbone 

.- In. lion gears, through which power from the compensating drive 

lui Tl of the differential is transmitted to the final drive shaft, which 
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is flanged at its outer end and attached to the sprocket I 
studs and nuts. The larger of the two herringbone gears is riftillfl 
on the final drive shaft, which is supported on two heavy-* In I \ \ 
bearings in the final drive cover. The smaller gear, or piriliifl 
supported at its outer end on a roller bearing in the final I 
cover, and at its inner end on a roller bearing in the dill 
housing. The final drive cover is attached to the differential lion* 
by bolts. The two driving sprockets for each track are holldd \ 
hollow hub which fits over the outer end of the final drive - i\ 

108. LUBRICATION OF FINAL DRIVES. 

The gears and bearings of the final drives are lubricated 
oil within the differential housing. 



DOWEL PINS HNAl Dfflfl 

/ co« 



Figure 109 — Final Drive Unit Removed from Power Train Uflll 
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m. REPLACEMENT OF FINAL DRIVES (fig. 109). 

a. Removal. 

( 1 ) Drain the oil from transmission, differential, and final drives. 

(2) Remove the sprockets and hub assembly (par. Ill b). 

(3) Arrange a hoist to support the final drive while it is being 
removed, exerting just enough lift to take the weight off the at- 
i;nhiiig bolts and the dowel pins. 

(4) Remove 22 bolts (lVfr-inch wrench) that attach the final 
ilrive unit to the tank. 

If,) Pry the final drive unit away from the differential housing 

a pinch bar. The unit must be carefully manipulated to with- 

ilniw it in a straight line away from the tank, in order that the 

herringbone pinion gear may slide straight off the splined end of 

Hi.- compensating drive shaft of the differential. 

(«>) Remove dowel pin, used to aline the final drive unit. 
b. Installation of final drives. 

(1) Reverse the preceding steps, using new gasket. 

(2) Refill the power train unit with oil (see par. 104 e). 
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Suspensions and tracks 1 1 n 

Drive sprockets , . in 

Bogies , 1 1 .i 

Tracks ■ 1 1 

Idlers Mi 

Grousers II, 

110. SUSPENSIONS AND TRACKS (figs. 110-125). 

a. Description and operation. Six suspensions, or bogies, each h i 
two volute springs and two rubber-tired bogie wheels, support I hf I 
The tracks are driven by sprockets on the front of the tank 
idlers, mounted on eccentric shafts at the rear, provide for I In- 
justment of track tension. The upper reach of the track, betwcni 
idler and the sprocket, is supported and guided by three steel 
mounted on brackets attached to the bogie brackets. The fin! 
bogie (fig. 114) has its track support roller directly over the brcu I 
The second type (fig. 115) has its roller offset to the rear of the bra. ' 
and is fitted with a track skid on top of the bracket. 

b. Inspection. Tracks should be inspected at every opportunity, 
order to detect in the early stages any fault that, if not corrected, 
lead to serious impairment of the efficiency of the tank. The Ih'mI |*J 
ventive maintenance is to keep the entire track and suspension 

as clean as possible, free from stones, sticks, and other debris. A i i 
inspection, the following routine should be carried out: 

(1) Inspect track tension (figs. 110 and 111). If the track hIiii^ 
noticeable sag, the track should be tightened (par. 113 b), 

(2) Inspect track condition. Check end connectors for wear and i 
bent or broken guide lugs. Inspect for presence and tightness of v. ■ 
and wedge nuts. Check for bottomed wedges; if clearance hcl.W 
wedge and connector is less than J^-inch, install new wedge. If jimm*** 
are being used, inspect their condition and tightness. Inspect for ili>»i 
track blocks (fig. 112) and replace them. (To be detected, a dead 1 1 
block must be in the top reach of the track, unsupported by a m 
therefore, the tank must be moved several times to make a nuni 
inspection). During this check, the inside wedges and connector* ftfl 
can be inspected. 
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Figure 110 — Track with Insufficient Tension 



(3) Inspect sprockets. Check for sprung or worn teeth. Check cap 
Brews and hub nuts for tightness. 

(4) Inspect bogie wheels (fig. 113). Check condition of tires on all 
•in i is. Look for evidence of outer spacer turning (tighten gudgeon 
mil . Check for presence of gudgeon nuts and cotter pins. Check grease 
linings and relief valves (replace if damaged or missing). 

(5) Inspect bogie assemblies. Inspect for worn wheel arm and lever 
wi-ar plates (replace). Inspect bogie bracket for presence of bolts, nuts, 

■ ml lock wire. NOTE: Volute springs are not considered unserviceable, 
.iml should not be replaced, unless they are broken or have taken a 
permanent set. When three or more inner coils of both springs, in any 

-ii« suspension, rest upon the lower spring seat, and this condition 
i round to exist at more than one stop, it is reasonable to assume 
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Figure FIT — Track with Proper Tension 



that one or both of these springs have taken a permanent . 
should be replaced. 

(6) Inspect support rollers (figs. 114 and 115). Look for , 
of roller not turning. Free all rollers by cleaning out mud mi I 
Check grease fittings. (It is essential that all rollers turn In. I 
inoperative rollers will develop flats.) 

(7) Inspect idlers. Check for presence of idler cap and greasa Hi 

111. DRIVE SPROCKETS (fig. 123). 

a. Description. The sprocket and hub assembly is formed I 
sprockets bolted to a hub, which is attached by studs and nu 
drive flange of the final driveshaft. Sprocket and hub assemble 
changeable as units, should be transposed between the nghl iim 
final driveshafts when the sprocket teeth have become np|>r« 
worn by contact with the track end connectors after long n." 
direction. 
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Figure 112— Dead Track Block Dropped Oof or Line 

b, Replace sprocket and hub assembly. 
I , Slacken and disconnect the track below the sprocket, and move 
I upper section of track back off the sprocket. 

• Remove the eight hub retaining nuts. 
J ilii Remove the hub assembly. 

i To install, proceed in reverse order. 

„ I Connect the track (fig. 122) and adjust tension (see par. 113 b). 

II- BOGIES. 

„ I ascription and operation. The six suspensions, or bogies, are the 

L supporting units. Road shocks are transmitted by the wheel anns 

, .ring levers to the volute springs, two m each bo gl e. W ear between 

[.J arms and the spring levers is taken by upper and lower 

|,| imK plates (fig. 113), which can be replaced when worn. On top 

, „ ,, bogie bracket (first type) is mounted a steel roller fig. 114) to 

|Hir , and guide the track as it runs between the idler and the 
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Figure 113 — Detail of Bogie Wheel 



sprocket. The second-type bogie (fig. 115) has its roller mo mil i 
a separate bracket to the rear of the bogie bracket, and is lilinl 
a track skid. 

b. Lubrication. Lubrication of the wheels (see fig. 113) 9m 
track-supporting rollers (see fig. 114) is through pressure fitting 
valves are provided to prevent injury to the grease retainers. 

c. Bogie wheel (fig. 116). 

(1) Bogie wheels will be removed when the rubber has worn 
even with the height of the rim flanges. Bogie wheel tires which ' 
rubber along one or both sides scooped out, due to cutting aril 
the track end connectors or track guides, need not be changed Ufl 
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Figure T 15 — M4A2 Suspension (Second Type, with Offset Rollutl 

there is not a continuous band of rubber all the way around the < • 
portion of the wheel. 

(2) Bogie wheels are removed for replacement of grease seal 
spacers, and for any other necessary repairs, 

(a) Place a heavy-duty hydraulic jack on the track directly uiwlm 
the center of the suspension assembly, and jack up the bottom |>i 
seat until all load is removed from the wheel arm. 
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(b) Remove the cotter pin from the nut on the inner end of the whi i 
gudgeon and remove the gudgeon nut (2% inch gudgeon wrench). 

(c) Screw the slide hammer gudgeon puller into the threaded hull 
in the outer end of the gudgeon and pull the gudgeon, then remove 
the wheel from between the arms. 

d. Replacing bogie wheel grease seals and bearings. 

(1) Pull out the two outer spacers. 

(2) Turn the wheel on its side on two blocks and, with a brass drift 
through the upper side of the wheel, drive the bearing and grease seali 
down and out between the blocks. (It is necessary to move the innMl 
spacer upward, away from the bearing, in order to seat the drifl oM 
the outer race of the bearing. Keep moving the drift around the enlln 
circumference of the bearing outer race, in order to drive it out evc.lv 
and avoid damage to the bearing). The spacer will drop out when th* 
bearing is removed. 

(3) Turn the wheel over and remove the remaining bearing i 
•ease seals by the same method. 

(4) Clean bearings and inspect for wear, cracked rollers, or II,.! 
spots. 

(5) Install the bearing by starting it by hand and tapping it lighlly 
into place, using a brass drift and working around the outer race. Ho 
sure the bearing is seated squarely against the shoulder in the wheel, 
to allow room for the grease seals. 

(6; Slide two new grease seals into place on an outer spacer, bein 
sure that the seals are installed with their lips toward the flange „i 
the spacer. Start the lower seal into the wheel and tap seals and spu 
(rawhide mallet) into place. 

(7) Turn the wheel over, insert the center spacer, and install bearing 
oil seals, and outer spacer. 

e. Installing bogie wheel. 

(1) With the wheel in place between the two arms, raise the arm* 
and aline their holes with the hole in the wheel. Start the wheel guch 
through the outer arm and into the outer spacer, grease seals, and outoi 
bearing of the wheel. Line up the center spacer by means of bar insert,, I 
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Figure 117 — Pulling Arm Gudgeon, for Removal of Volute Springs 

from the inner side of the wheel, and tap gudgeon into spacer. Then 
drive gudgeon through far enough to allow the key slot in the gudgeon 
in be lined up with the slot in the arm. Install the key, and drive the 
gudgeon in the rest of the way. Install and tighten the gudgeon nut 
on the inner end of the gudgeon and secure with a cotter pin. 

f. Removal of volute springs (figs. 117-119). 

(1) Position the jack on the track (fig. 117) so that the head of the 
juck is in the center of the spring seat plate. (In placing the jack, 
arrange blocking, if necessary, in order that the jack plunger will be 
nearly at the upper limit of its travel when the thrust of the springs is 
taken up, to permit a greater lowering travel later). 

(2) Raise the jack until the thrust of the springs has been taken up. 
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Figure 1 < 8 -WH eels and Arms Ready ^ ^^ 
oraeket, then drive otr^^rC^&Alt '' 

■AS^Ks^r^ * agud - n *» 

Plates will drop (fig. n 8) . P 3r6 ° Ut ' the bo * ,e arm * and spa, , , 

iJfhSJSSS to e deo p r sea ? late and «**■■ " "' 

through the gudgeon pn ho e,nn r r Pre l he ^^ push tw " b »' 
rests on the bars ' Theo remove tt mT " SPnng " eBt P ' ate unUI ' 
raise the plate off the barT Rem™ I "*' «T wad J" ust the ^ck, and 
jack. Remove bars > and continue to lower 111* 

(6) If the spring seat plate and sprint rfW nowi 

-oval of the jack, free then, ^Z^^^VTS 
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Figure 119 — Volute Springs, Levers, and Bottom Seat, Removed 

g- Installation of volute spring. 

(1) Place the springs and spring seat plate in position and raise with 
a heavy-duty jack until the springs are compressed sufficiently. 

(2) Aline the bogie arms and spacer plates and, using the gudgeon- 
puller slide hammer, install the gudgeon pins, making sure that their 
locking grooves are underneath, to permit installation of the locking 
bolts. 

(3) Drive in the gudgeon locking bolts, and install the nuts (l^-inch 
and lig-inch open-end wrenches). 



(4) Lower and remove the jack. 
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a. Description. 

(1) General. Each track has 79 separate shoes or blocks »M i 
may be either of two types-rubber covered, or al Lteel Two Z 
pms run through each block, and project at both ends ^^eeUonne 
fit over the ends of the adjacent pins of adjoining blocks linkin 

!^f ^ !u J S an « ular ' t y tends to make the track bend closolv 

around the rear bog,e, the idler, and the sprocket. Flared perpend I 

men " u* T^T™ °t gUideS t0 k <* P the ^»2 
ment and to hold ,t on the bogm wheels, idlers, track support roll,, , 

and drive sprockets. The sprocket teeth engage the track be , 

thiTalrS rs - ff N0 ^ : Since the condftion anfi 3m2K 

the track definitely affect the performance of the tank it is essenli,. 
tension ma ' nta ' ned " the ^ P ° SSible conditi °" «* « cheZS 

hw2 RUbber b '° Cl ? ' Jpe - Two desi S ns of rubber track shoes or tra. I 

bithir \l US6r thS / rSt ^ haVing the same thickne^ of rubb ' 

both s des, the second type having a greater thickness of rubber™ | 

read (ground contact side) than on the inside or bogie wheel col 

o the trtd° f elt fr tyPe T Stbe replaCed When «**« wearing 
o the tread would expose the tubular sections of the inner steeff ' „ , 
of the block to the risk of being dented or damaged. Shoe that -u 
damaged must be replaced immediately. Undamaged shoes of the ,i 
type may be reversed (par 113 d,. The second type is not reversiU 
(3) All-steel type. Steel shoes, or track blocks, are formed with on,, 
one lug at the toe of the block (the forward edge when the blocf is " 
the ground) and two short lugs at the heel (rear edge). Steel track a 
normally mstalled, when new, with the long lugs forwart whet ,, 
shoes are on the ground; but the entire track may be toned Tend f 
end when ,t ,s necessary (see par. 113 g). Replace a stee shoe when , 
lugs are so worn that the distance from the surface of thelg to tl„. 
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IDLER ADJUSTING WRENCH 



SPREADING BOLT L. H. 
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Figure 120 — Tightening Track with Idler Adjustment 

vdge of the end connector flange is less than (?) inch. (To measure, lay 
a straightedge lengthwise on the tread surfaces of the two short lugs, 
;ind measure from the straightedge to the edge of the connector flange.) 

b. Adjusting track tension (fig. 120). Tracks should be checked daily 
for correct tension. If a pronounced sag is present, tension should be 
restored to eliminate the possibility of the track's being damaged or 
ihrown off. (Figure 110 shows a track with too little tension; figure 111 
shown a track with correct tension). Track tension is adjusted by means 
of the eccentric idler shaft. The spindle of the eccentric shaft is clamped 
between the halves of a massive split housing, which are drawn together 
by means of two clamping bolts. Between the clamping bolts is a 
spreader bolt. When the clamping bolts have been backed part way out, 
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turning the spreader bolt in the same direction forces apart the IiiiIh* 
of the split housing, freeing the spindle. The split housing is .1 
for supporting the idler shaft in alinement, not to lock it againsl lun 
A collar plate that fits over the serrated end of the spindle and I., h. 
against flats on the body of the housing locks the idler shaft ujmiIm 
turning. To adjust track tension, proceed as follows: 

(1) Back out part way (do not remove) the two end (clamp! 
bolts (13^-inch socket wrench) on the rear of the split housing 
fig. 120). 

(2) Turn down the spreader bolt to open up the housing. I'.n 
this bolt has a left-hand thread, it is turned counterclockwise In n 
it in. NOTE: Remember that in loosening or tightening the Hpii 
the spreader bolt is turned in the same direction as the clamping I mil 

(3) Loosen the screws holding the spring clip at the end of I In 
housing and raise the spring clip. Tap the collar plate all the w 

the serrations on the spindle to the position shown in figur. i 
leaving the large cotter pin in place in the spindle. NOTE: It rmi 
necessary to take the load off the collar by using the idler adju I 
wrench on the hex end of the spindle, as in tightening the track. 

(4) Tighten or loosen the track by using the idler adjusting w i 
on the hex at the end of the spindle. 

(a) To tighten, raise the handle of the wrench (using a pipi i 
leverage, or a jack under the end of the handle) until the track h 

a sag of not more than ^-inch midway between the idler and Hit* mmi 
support roller. Sag can be measured from a straightedge laid mi i 
track over the idler and the roller. CAUTION: Tracks thai ;m 
tight will seriously impair the performance of the tank. 

(b) To loosen the track, push the handle of the wrench down 

(5) When correct tension has been attained, drive the collai pin) 
back on the serrations of the spindle and lock it in place with 1 1 

spring clip. It may be necessary to turn the spindle slightly to i> 

the collar to position itself. 

(6) Back out the center spreader bolt by turning it clock wimi* imimi 
it does not project into the split of the housing. 

(7) Pull both outside clamping bolts up tight, and tighten down lit* 
spreader bolt until it binds sufficiently to prevent it from working I 
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c. Replacing dead track block (fig. 122). A dead track block is one 
In which the rubber bond between the pin and the metal frame of the 
block has failed, leaving the pin free to turn. Dead blocks are easily 
recognizable (fig. 112), and should be replaced immediately, as they may 
Fesult in a broken track. 

1 i Move tank so that the dead track block is midway between the 
idler and the rear bogie wheel, then set the parking brake on the tank. 

2) Release the track tension (par. 113 b). 

(3) Remove the wedge nuts (J^-inch open-end wrench) on the two 
inside and the two outside connectors attached to the track block to be 
replaced- Tap out wedges, being careful not to injure threads, 

(4) Remove dead track block. 
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Figure T2I — Joining Ends of Track, Using Track Assembling Fixture 
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(a) With bar and hammer, drive the two inside and two outside 1 null 
connectors halfway off the pins of the track block to be removed. 

(b) Between the track connectors and the blocks, insert the < in . i 
fingers of the Simplex jack track connecting fixture over the exjn 
pins in the two track blocks immediately adjacent to the dead li 
block. (See fig. 122). The upper surfaces of the track connecting lixhil 
plates must fit snugly against the tread surfaces of the track bloclu 

(c) Insert handle in jack ratchet fitting, pull up track until the Jnek 
and fixtures are securely solid, then knock off the four loosened enn 
nectors. (Fig. 122 shows dead steel track block with outside track cum 
nectors removed, and inside connectors still in place and holding l>lurln 
CAUTION: In pulling up track to knock off connectors, care mu I 
exercised not to draw it up too tight, or track connectors will bind 
pins and cannot be removed. The preferred method is to have one mull 
operate jack while second man tests freeness of connectors by hilling 
smartly with a heavy hammer. When connectors move freely, 
operating jack and drive off the two inside and the two outside 1 1 
connectors, freeing the dead track block. 

(5) Install new track block. 

(a) Place new track block in position. 

(b) Install track connectors and drive halfway on to pins, operating 
jack, if necessary, to position the pins. 

(c) Back off jack and remove track connecting fixture. 

(d) Drive connectors home. 

(e) Install wedges in connectors and draw them tight (%-lnnli 
wrench). NOTE; Before installing, inspect wedges and nuts, and ri 
place if worn or damaged. 

d. Turning the track blocks. When rubber track blocks (first typi 
are to be reversed (turned over), or several blocks in different pari uj 
the track must be replaced, the track should be removed from till 
tank. Note that for this operation, the track should be broken 
joined at the front of the tank (see fig. 121), between the sprocket unci 
the front bogie wheel, instead of at the rear, as for the replacement "f 
a single block. 

(1) Break the track (par. 113 c (2), (3), (4) ) just below the sproi I 
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Figure T22— Replacing Dead Track Block 



fi 



(2) Move the upper part of the track to the rear over the drive 
>racket by turning the sprocket with a bar, and pull the track back 
ff rollers (see fig. 123). 

i M ) Break the track back of the rear bogie. 

(4) Reverse the blocks of the part of the track rolled off by removing 
lie connectors and turning each block over. To equalize the wear on 
lie sprocket-contact surfaces of the connectors, transfer the connectors 

„m the side of the track on which they were previously used to the 

her side. 
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Figure 123 — Track Rolled Back Off Drive Sprocket 

(5) Connect the section of track with reversed blocks to the seel Ion 
underneath the bogie wheels, and tow the tank back onto the section 
already reversed. 

(6) Disconnect the un-reversed section of the track and revi i | 
blocks and connectors. 

(7) Connect the two sections of the track, tow the tank onto the 
front section, and roll the rear section over the idler, support roll., 
and sprocket, using a bar to turn the sprocket. 

(8) Connect the track (see fig. 121). 

e. Replacing thrown track. Because conditions under which a trai I 
may be thrown vary greatly, no single procedure can be set down , 
the best possible method for its replacement. Sometimes the track ma) 
be thrown in such a manner that proper manipulation of the tank, 
the use of blocks, make it possible to work the track on again. Thl 
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ol lowing procedure, which can be used under the worst conditions, can 
In- modified for different situations: 

1 ) Break the track underneath either the idler or the sprocket, at 
whichever end the track has the least twist. NOTE: If the track is 
completely thrown, break at any point. 

(2) Tow the tank completely off the track. 

i'5) Roll up track and move it to the front or to the rear of the tank, 
whichever has the best ground for towing the tank back on the track. 

(4) Lay the track out with one end at the nearest bogie. Before 
laying it out, dig a trench ahead of the bogie long enough to hold the 
first several blocks and deep enough to let the bogie roll onto the 
track without having to climb up on it. 

5) Tow the tank onto the track until the leading bogie wheel is 
out sixteen inches from the end of the track. 

6) Roll the track up over the idler, the track support rollers, and 
nround the sprocket, using a bar to turn the sprocket. 

(7) Join ends of track (fig. 121) with track connecting fixture. 

f. Installing new track. 

(lj To install a new track when the old track is still on the tank: 

i a) Break the old track under the sprocket and roll the track back 
off the sprocket and rollers, using a bar to turn the sprocket. 

(b) Lay out the new track in front of the old one, and connect the 
two. 

(c) Tow the tank onto the new track until the front bogie wheel is 
about sixteen inches from the end of the track. 

(d) Disconnect the old track, and roll the new one up over the idler 
and the track support rollers, and around the sprocket. Connect the 
ends (fig. 121). 

(2) To install a new track when the old track is off the tank, proceed 
as in e (3), (4), (5), (6), and (7), preceding. 

g. Reversing track direction. To equalize the driving wear on the 
t rack connectors, and thus lengthen the operating life of the track, the 
entire track can be turned end-for-end, shifting the driving wear to 
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the other sprocket-contact surfaces of the connectors. With good ,, . 
conditions, the shift can best be done by breaking the tracks id ,l,„ 
front just below the sprocket, working the tracks up and oil I In 
sprockets, and pulling the tank completely off both tracks. The foil, 
ing method can be used when, because of mud, soft ground, or ml,* 
conditions, it is advantageous to keep the tank on part of the I, 

(1) Break the right track at the rear of the tank, just below l| 
.die and, using the left track for traction, drive the tank ahead 
until the end of the right track comes off the sprocket. 

(2) Break the right track at its middle, turn the free section 

end- or-end, and drive on the connectors far enough to hold II, 

together. 

(3) Move the tank back until all bogie wheels are on the turn*) 

section of t^ck; then turn the other half of the track and re, 

the ends, this time driving the connectors completely on and „„ 
down the wedges. 

fourth f ^K^w^ f ° rWard Unti ' the front b0 * ie whee] is on Mm 
fourth track block from the end. 

(5) Roll the track up over the idler, support rollers, and spro, I 
and connect the track (fig. 122). 

(6) Repeat the operations on the left track. 
h. Care and maintenance of tracks. 

(1) Reversible. 

(a) To be turned. The standard reversible type rubber block Liltl 
track will be turned when the rubber on the first side has worn .,, | h 
extent that wear on the steel end links is imminent, or when the rubln , 
ha, cracked over the cross tubes to such an extent that separation 
the rubber from, and exposure of, the cross tubes is imminent, which 
ever condition shall first occur. 

(b) To be removed.' The standard reversible type rubber block I 
track will be removed when the rubber on the second side has won, ,., 
the extent that wear in the steel end links is imminent. 
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(2) Non-reversible. 

(a) To be removed. The non-reversible type rubber block tank 
track will be removed when the rubber on the ground side has worn to 
I he extent that wear on the steel end links is imminent. 

(3) The rubber block tank track with steel Burgess Norton adapter 
will be removed when the steel shoe has worn to the extent that it no 
longer provides traction or when wear on the end links is imminent. 

(4) Single track blocks. In replacing single blocks which have worn 
out or become damaged, replacement should be made with a block 
I hat has about the same degree of wear as the remaining blocks in 
track. 
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Figure 124 — Details of Idler 
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(5) Equalizing wear on tracks. Tank tracks operated on roads Ituvi 
tendency to wear faster on the right hand side of the vehicle. I .« 1 1 h 
tracks should be combined with other tracks of equal wear, or l 
should be switched from one side of the vehicle to the other, in m»|i 
to obtain maximum wear from all tracks. 

114. IDLERS (fig. 124). 

a- Description. Two large steel idler wheels are mounted al llu 
of the tank to guide and support the tracks. They are provided v. 
eccentric adjustment for the purpose of adjusting the tension aj 
tracks. 

b. Adjustment. See paragraph 113 b. 

c. Lubrication. A lubrication fitting adaptable to the grease mm || 
installed in the hub of the idler, which is also equipped with n TM 
fitting. 

d. Removing idler wheel. 

(1) Break track, below idler, and roll it clear. 

(2) Remove the idler cap by removing six cap screws. 

(3) Take out split pin securing the wheel nut and remove the mil 

(4) Pull wheel straight out off shaft. 

e. Replacing idler wheel bearings and grease seals. The prm 

is the same as with bogie wheels (see par. 112 d), except thai I In i«l 
wheel has only one grease seal (at the inner bearing), the outer mid 
the hub being capped. Pack bearings with grease before rein .-.i 
them . 

f. Installing idler wheel. 

(1) With bearings, spacer, and grease retainers installed in the \\ I" • ' 
place idler on its shaft, and install wheel nut in split pin. 

(2) Install idler cap and six cap screws. 

(3) Fill hub with grease, using pressure gun. 

(4) Connect track. 
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Figure J 25 — Installing a Grouser 



115. GROUSERS (fig. 125). 

a. General. Grousers are for use only with rubber block tracks, to 
(five traction on wet mud, ice, snow, and other slippery surfaces. There 
lire ten grousers (and three spares) for each track. In use, one grouser 
is installed at every eighth block of each track. Under special conditions, 
.is when tank is in a mud hole, a series of grousers may be grouped 
close together at the front or rear of one or both of the tracks. 

1). Installation. 

(1) Remove bolt, washer, and end plate on grouser and place the 
i-rouser across the track, over the opening between two track blocks. 
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Slide the two pins on the inside end of the grouser into the hole In 
the pins of the two blocks. 

(2) Insert the pins of the outside grouser end plate in the block pin 
and fasten the plate to the grouser with bolt and lock washer (% im ' 
socket wrench). 
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Turret electrical installations 132 

Trouble shooting 133 

Description and use of radio sets 134 

116. DESCRIPTION. 

To provide for the many electrically operated accessories, the 24- 
volt electrical system comprises not only the two Diesel engine 
generators, but also an auxiliary generator plant (see Section 
XXII), composed of a small gasoline engine and a generator, to 
supply extra power at times of peak load and to aid in charging the 
batteries. The wiring and installation diagrams (figs. 126-130) show 
the location of the electrical units and the wiring. 

117. BATTERY and BATTERY SWITCHES (figs. 131 and 132). 

a. Description. Two twelve-volt storage batteries are connected 
in series to maintain the voltage of the system at 24. The battery 
compartment is located in the left side of the tank on the hull 
Moor half way between the driver's seat and the engine bulkhead. 
A direct or separate 12-volt radio circuit is supplied by one of the 
I latteries and controlled by the radio switch. The battery is made 
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Figure 131 — Location of Batteries and Battery Switches 

accessible by traversing the turret manually to the right until the 
hatch or opening in the turret floor is directly over the battery box. 

b. Maintenance. 

(!) Care. Battery terminals and terminal posts will be frequently 
checked, cleaned, and coated with petrolatum. Check the battery 
fluid level once a week and alter every long run. Maintain the level 
at 14-inch above the plate assemblies by adding distilled water. Take 
a specific gravity reading every twenty-four hours, and exchange 
any battery having a specific gravity of 1.225 or less at 80 F (26 C) 
for a fully charged battery, or bring battery up to charge with 
auxiliary generator. 
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(2) Capacity and temperature data* At temperatures below frc 
ing, the load on the battery becomes greater and the relative capu 
city of the battery is reduced. For this reason, when low temperi 
tares prevail, it will be necessary to maintain the specific gravih 
of the battery electrolyte at 1.250 or higher and to replace or ro- 
charge the battery when its gravity reading is below that point 
The following data show the capacity of the batteries and the relfl 
tive freezing point of the electrolyte: 



CAPACITY 



Battery charged .... 
Battery y^ discharged 
Battery i/ 2 discharged . 
Battery % discharged 

Battery discharged . . 



1 



ACTUAL 
SPECIFIC GRAVITY 


FREEZING POINT 


1.285 


. -96 F (-71 C) 


1.255 


. -60 F (-51 C) 


1.220 


. -31 F (-35 C) 


1.185 


. - 8 F (-22 C) 


1.150 


. +5F (-15 C) 


1.100 


. +18F ( -7C) 



(3) To determine the actual specific gravity of the electrolyte, I 
is necessary to check the temperature of the solution with a ther-, 
mometer. At 80 F (26 C) the specific gravity reading will be correct. 
However, if the temperature is above or below 80 F it will be neces- 
sary to make an allowance to determine the actual specific gravity, 
because the liquid expands when warm and the same volume weighs 
less than at normal temperature. When the temperature is below 
80 F the liquid has contracted and the same volume weighs more, 
The following correction table shows the figures to be used to maka 
these corrections. For example, when the specific gravity as shown 
by the hydrometer reading is 1.290, and the temperature of t\w 
electrolyte is 60 F, it will be necessary to subtract 8 points (.008) 
from 1.290, which gives 1.282 as the actual specific gravity. If the 
hydrometer reading is 1.270, at a temperature of 110 F f it will be 
necessary to add 12 points (.012) to the reading, which gives 1.288 
as the actual specific gravity. 
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HYDROMETER CORRECTION TABLE 



Temperature 

of Electrolyte 


Correction in 

Hydrometer 

Reading 


Centigrade 


Fahrenheit 






49 


120 


Add 


.016 


43 


110 


Add 


.012 


37 


100 


Add 


.008 


32 


90 


Add 


.004 


26 


80 


Add 


0.000 


21 


70 


Subtract 


.004 


15 


60 


Subtract 


.008 


10 


50 


Subtract 


.012 


4 


40 


Subtract 


.016 


- 1 


30 


Subtract 


.020 


- 7 


20 


Subtract 


.024 


-12 


10 


Subtract 


.028 


-18 





Subtract 


.032 


-24 


-10 


Subtract 


.036 


-29 


-20 


Subtract 


.040 



c. Removal of battery. 

(1) Open both battery switches (fig. 132). 

(2) Disconnect the battery cables (check legibility of markings). 

(3) Remove the bracket hold-down bolts. 

(4) Remove the battery through the opening in the turret plat- 
form. 

d. Installation. See that the terminals are toward the propeller 
shaft ; that the posts and the terminals have been cleaned, and (after 
the clamps have been installed) coated with petrolatum; and that 
the terminals are tight. 

e. Battery switches (fig. 132) . Two battery switches are mounted 
at the top on the left side of the battery box. The current from both 
12-volt batteries goes through the 24-volt switch, and current from 

335 



TM 9-73 IB 

•117 



MEDIUM TANK, M4A2 

24 VOLT BATTERY SWITCH 




12 VOLT BATTERY SWITCH (RADIO 



RA PD 1A4 H 



Figure 132 — Battery Switches 



only one of the batteries goes through the 12-volt switch controlling 
the radio and telephone circuits. To open either circuit, raise iin i 
turn the switch handles. CAUTION: The 24-volt switch, when opi n 
does not cut off the radio circuit. Both switches must be operw.l U) 
cut off the battery completely (except for the lead to the air-heati I 
switches and engine shut-down solenoids, which remain hot). 

f. Replacement of battery switch. If a battery switch is damaj-.-.i 
or no longer makes a good contact, it must be repaired or replaced 
Burning or pitting, due to arcing while the switch is being opened m 
closed, may cause a bad contact. To replace a switch : 

(1) Remove partition separating battery and switch compart, 
ments. 
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(2) Remove the switch handle retaining screw and the handle. 

(3) Remove the terminal nuts and detach the leads. 

(4 ) Remove the two retaining bolts. 

(5) Position a new switch and install retaining bolts, terminal 
nuts, terminal leads, switch handle, and .handle retaining screw, in 
the order named. 

118. GENERATORS (figs. 21 and 55). 

There are two shunt-wound 24-volt generators (one on each of 
the twin Diesel engines). (For details of their operation, and in- 
structions for their replacement, see par. 54.) The generator regula- 



FILTER 



REGULATOR FOR 
AUXILIARY GENERATOR 




REGULATOR FOR 
LC ENGINE GENERATOR 



REGULATOR FOR 
LA ENGINE GENERATOR 



RA PD 36433 

Figure 133 — Voltage and Current Regulators on Wall of Battery Box 
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tor (par. 119) controls the current output of the generators. Thh 
radio filters (one for each Diesel engine generator and one for till 
auxiliary generator) are mounted in a box behind the battery h« 

119. GENERATOR REGULATORS (fig. 133). 

a. Description. The voltage automatically controls generator olll 
put in proportion to the amount of current being used and the cowl! 
tion of charge in the battery. Each engine generator has its a 
individual voltage regulator mounted on the rear face of the bal !• i 
box. The auxiliary generator regulator is mounted alongside tin 
generator radio filter on the bracket at the rear of the battery \m 
The auxiliary generator is equipped with either an Eclipse oi | 
Delco-Remy regulator. All three voltage regulators are made up til 
three basic units, as follows: 

(1) The voltage regulating unit is calibrated to limit the voltn 
output, or charging rate, to a maximum of 30 volts, to guard again 
excessive voltage, which would damage the battery and injure M< 
various units of the electrical system. 

(2) The current limitator unit automatically controls the gemu 
ator ampere output. On the shunt-wound generator it replaces Hip 
old style third brush control. The unit is calibrated to limit the jv II 
erator output to 50 amperes. 

(3) The reverse current relay, or cut-out, is a magnetic switch 
controlled by the generator output. The relay opens when till 
generator is at rest or when the output of the generator drops of! 
at low speeds, to prevent the battery from discharging through Lhi 
generator. 

b. Inspection and adjustments. When properly installed uiwj 
operated, the generator control units should not require adjustment 
If inspection reveals loose or faulty contacts, improper operation 
or a blown-out auxiliary generator fuse, or if the voltage as In 
dicated by the voltmeter is consistently above or below normal, Lhl 
control unit should be replaced. (Do not attempt to adjust the poi 
setting of various units of the voltage regulator, since to do 
requires special tools, electrical equipment, and knowledge of thi 
circuits.) To replace the Delco-Remy type regulators, remove lint 
junction box cover, disconnect wires and conduits, remove bun 
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mounting bolts. The Eclipse type regulator may be replaced without 
removing the base by releasing the spring catch on the cover and 
pulling out the upper element. The Eclipse type also has a replace- 
able fuse in the base, which should be inspected before replacing the 
unit. CAUTION: Before attempting to inspect or replace voltage 
regulators, make sure both battery switches are open. 

120. BUS BARS. 

Two bus bars, low resistance connections for common circuits, are 
in the rear of the battery compartment. Current is led from the 
battery and the generator to the bus bars and on to the circuit 
breakers and switches. 

121. CIRCUIT BREAKERS. 

Circuit breakers (see par. 122 e (14)), mounted behind the instru- 
ment panel face plate, are used (instead of fuses) to protect the 
circuits. In the event of an overload, the circuit breaker operates 
automatically. The circuit can be restored by pushing in the proper 
reset button on the instrument panel. 

122. INSTRUMENT PANEL (fig. 7). 

a. Mounting. The instrument panel assembly is supported by 
shock insulating rubber brackets which attach the panel to the 
sponson bottom plate, to the left of the driver. To facilitate servic- 
ing, the front of the panel, with all the instruments, may be 
removed without removing the back plate. 

b. Removal of instrument panel face plate. 

(1) Turn battery switch off. 

(2) Detach two lubricating oil lines at pressure switches at right 
end of panel Wrap ends of lines with rags to prevent oil leaking 
out. Mark lines and connectors for identification. 

(3) Detach three air heater fuel oil pump lines (Y, Z, fig. 7) at 
top center of panel. Mark lines and fittings for identification. 

(4) Detach both the tachometer drive cables by unscrewing fer- 
rule at rear of instrument panel. 

(5) Detach speedometer cable. 
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(6) Unscrew locking rings on four master cable connector,, 
pull cables off the panel. 

(7) Remove six large round-head screws (HH, fig-. 7) on facu *»r 
instrument panel. 

(8) Pull top of panel out and down. Rest panel on a padded I 

board slipped under instrument panel back plate. 

c. Install instrument pane ] face plate. Reverse foregoing m 
cedure making certain oil line connections are tight. Do not f.»i 
assembly Turn battery switch on and check operation of all m , ,,, 
ments and controls. 

d. Instrument panel bulb replacement. 
(1) Indirect lighting bulbs. 

(a) Turn panel light switch knob (H, fig. 7) left (countercl... i 
wise) to full on (bright) position. Check all four bulbs by sighl 
through edges of instrument face. 

drivel hlTr bUlb T 6r f ? "^ PlUgS (X ' % - 7) Usin * thi " SCI 
dnvei blade to raise edge of plug. 

(c) Push in slightly and turn bulb one quarter turn to left !<■ n 
lease bayonet connection. 

(d) Install bulb, then press in the plug, using care to avoid i 
cessivejar. 

(2) Low lubricating oil pressure and engine air heater indiaitfl 
bulb replacement When an indicator bulb fails to light, the bulb m«) 
be burned out. Check by transferring a good bulb to the socket „< 
the bulb that does not light. 

(a) Red signal retainer may be pried out by using thin hi, 
screwdriver under rounded edge of retainer. 

tJn^r^ 211 ^ ,b ll ° ne ? Uart6r t0 left t0 dis ^age bayonet conn,, 
t on. Lift out bulb and replace. Press red signal retainer back lulu 
place, 

e. Operation and functioning of instruments and controls. 

<1) The instruments and controls for the engine (LC) on the 
side of the tank are grouped on the left side of the instrument pan*] | 
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those for the engine (LA) on the right side of the tank are on the 
right side of the panel. Other instruments, such as the speedometer, 
clock, voltmeter, ammeter, fuel and oil level gage, which do not per- 
tain to separate engines, are mounted in the center or on either side 
of the panel. 

(2) Starter switch button (A, fig. 7). Separate starter buttons 
are provided for each engine. The starter button controls a solenoid- 
operated switch and shift mechanism on the starter motor. With 
clutch disengaged or locked out, start engines one at a time by de- 
pressing starter button and holding it down until engine starts, then 
immediately release. NOTE: Do not hold starter button down more 
than 30 seconds; if engine doesn't start, check engine. (Auxiliary 
starter buttons are mounted near the top of the filter panel in the 
engine compartment for convenience when working on the engine.) 

(3) Emergency stop control buttons (E, fig. 7). In case of emerg- 
ency, when the throttle or governor fails to control engine speed, 
the engines may be stopped by depressing the emergency stop but- 
tons holding them down until the engines stop. A solenoid actuated 
shut-down valve closes off the air intake at the engine blower and 
starves out the engine. CAUTION: Do not use the emergency stop 
to shut down the engine in normal operation. (Stop the engines by 
snapping the hand throttle levers down, then up as far as they will 
go, shutting off the fuel feed.) 

(4) Engine air heater controls. 

(a) The engine air heaters (par. 53), installed in the engine air 
box, provide pre-heated air to the cylinders to overcome cold-weather 
starting difficulties. Instructions for the use of the air heaters, given 
on a plate attached to the instrument panel, must be followed ex- 
actly. The air heaters should be used only at temperatures below 
4GF(4C). 

(b) Air heater controls on the instrument panel (for each engine) 
are as follows: 

1 Air heater ignition switch (B, fig. 7). Turning the knob to the 
on position causes a continuous spark between electrodes in the air 
heaters, for igniting the fuel oil. 

2 Air heater ignition switch indicator lights (C, fig. 7). The light 
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glows when the switch is on, as a warning to the driver to tun, ..(I 
the current when the engine starts. 

3 Air heater hand pump (D, fig. 7). Operating the plunger spi | 
fuel oil into the air heaters, where it is ignited by the spark al (III 
electrodes. 

4 Air heater fuel shut-off valve (Z, fig. 7). Valve must be opom i 
before operating pumps. Always dose valve tight after usin, 
heaters, to prevent air being drawn into fuel system. 

(5) Panel light switch (H, fig. 7). Four bulbs in sockets be | 

snap-in plugs (X, fig. 7) provide indirect illumination for the in 
struments. To turn lights on, rotate panel light switch knob a» I I 
as it will turn, to definite stop. Rheostat-type switch enables drivui 
to dim panel lights by turning knob. 

(6) Tachometer (L, fig. 7). The tachometer indicates en, 

crankshaft speed. It also records total engine revolutions in Hi..,, 
sands. Engine speed is important during warm-up and musl In 
held within reasonable limits for maximum efficiency and p. - 
formance. Total revolutions are used to determine length of serviei 
and inspection intervals, 

(7) Speedometer (M, fig. 7). The automotive type speedomdc 
driven from the transmission output shaft, indicates speed in mitoi 
per hour. The odometer records total miles tank has traveled Thl 
trip odometer may be reset by pushing in on the small plastic knob 
directly below the speedometer (V, fig. 7) and turning it clockwis,. 
It is used to determine miles traveled between start and destination 

(8) Voltmeter (I, fig. 7). The voltmeter indicates the press- in 
ol the current flowing in the electrical circuits. The reading should 
not exceed 28.5 volts. High amperage output with high voltaw 
indicates generator regulator out of adjustment. (Replace regulatoi 
unit) Low voltage with high amperage output indicates battery (i 
m a discharged condition. 

(9) Ammeter (J, fig. 7) . The ammeter shows the quantity of cur- 
rent flowing m the battery circuit. A positive reading shows current 
flowing into the battery in excess of what is being consumed by thl 
electrical equipment. The generator voltage regulator automatically 
guards against overcharging the battery. A discharge or negative 
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ummeter reading indicates current consumption in excess of gen- 
orator output. The ammeter may be used to check the functioning 
bf the various circuits by turning them on one at a time with the 
engines stopped, and noting whether the ammeter shows discharge, 
which indicates that the current is flowing. 

(19) Fuel and lubricating oil gage (P, fig. 7) . 

(a) The fuel gage may be used to show the level of fluid in either 
the upper left or the upper right Diesel fuel oil tank, and in either 
the left-hand or the right-hand engine lubricating oil tank, by set- 
ting the control switch (O, fig. 7) at the proper position. Always 
check both fuel and both lubricating oil tanks when starting a run. 
Then set control switch at proper position for the fuel tank that is 
being used. When change is made to other tank, move control switch 
to corresponding setting. Each lower fuel tank acts as a 14.5 gallon 
reserve. Never run on either reserve supply until both main tanks 
show "E" (empty) on the gage. 

(b) When filling lubricating oil tanks, do not fill beyond the point 
where gage shows full, approximately 24 quarts, leaving space for 
expansion of the oil. Keep lubricating oil tanks full when possible. 
Gage shows empty when there is approximately 2% gallons of oil 
remaining. 

(11) Engine oil pressure gage (Q, fig. 7). The oil pressure gage 
shows the pressure of the engine lubricating oil in pounds per square 
inch. It provides a constant check on the functioning of the engine 
lubrication system, and should be observed regularly and frequently 
while the engines are running. 

(12) Low oil pressure warning light (R, fig. 7). The low oil pres- 
sure warning light is controlled by the electric pressure switch (S 
fig, 7). The switch closes the circuit when the oil pressure is less 
than 11 pounds per square inch, and turns on the red tell-tale light, 
which burns until the pressure increases to more than 11 pounds 
per square inch. At idling speed, with engine warm, pressure may 
drop to four pounds. Normal pressure is 45 pounds. To prevent the 
warning light from burning when the engine is not running, a micro- 
switch (see par. 133 I) is opened when the hand throttle lever is in 
the no fuel position. 

(13) Clock (N, fig. 7). An eight-day stem-wind clock with sweep 
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second-hand is mounted at the extreme right of the instnmmiil 
panel. The clock is wound by turning the stem (W, fi« f) 
(CAUTION: Do not over-wind.) To set hands, pull out i 
and turn. 

(14) Circuit breakers (AA to GG, fig. 7). Automatic circilM 
breakers are grouped at the upper right-hand side of the inst run 
panel. These circuit breakers take the place of fuses formerly^H 
and protect the circuits against excessive overload, or short cin u 
which might cause serious damage to the various units or resitll 
fire from overheated wiring. When the electrical load reaclu 
predetermined level, a bimetal strip flexes, opening the circuil 
causing the button to snap out with a click. If the overload In 
temporary one, the circuit breaker may be reset by pushing in Hi* 
button. However, if there is a short or ground in the circuit, lilt) 
circuit breaker will continue to cut out until the trouble has 1 .<•,.„ 
corrected. CAUTION: Do not hold button depressed. Invest i| 
cause of overloading and correct. Tho buttons control various cin 
breakers, as follows : 

BUTTON (see fig. 7) CIRCUITS 

A A LC engine starter switch circuit 

BB LA engine starter switch circuit 

CC Accessory outlets, voltmeter, resistor, tank y \ 

control switch, and tank gage tank unit circuil 

DD Auxiliary engine starter switch circuits 

EE Interior hull lights ; service head, tail, and stoplights 

driving light and stoplight switch ; low oil pies hi 
indicator and switch ; and siren and switch circuil 

FF LC engine air heater switch and spark coil circuil 

GG LA engine air heater switch and spark coil circuil* 

(15) Light switch (P, fig. 7). The knob on the instrument imm i 
marked LIGHTS controls the service lights and the blackout nun I 
lights. A spring-operated safety button (G, fig. 7) prevents Hie 
knob from being accidentally pulled out beyond the blackout \m*\ 
tion. To release, push button in with thumb, at the same Ijiui 
continuing outward pull on knob. The switch has three posit ii 
(besides OFF, or all the way in), controlling lights as follow.; 
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Light Switch 
Position 



Lights Operating 



Location 



Blackout— Blackout marker Top of R & L headlights 

1st position Blackout taillights Lower section R & L taillights 
Blackout stoplight Upper section R H taillight 



Service headlights R & L headlights 

Service taillight Upper section L H taillight 

Service stoplight Upper section L II taillight 

Service stoplight Upper section L H taillight 



Service- 
End position 

Stoplight — 
3rd position 

(16) Transmission oil temperature gage (U, fig. 7). A capillary- 
type oil temperature gage records the temperature of the trans- 
mission lubricating oil. Excessive heat tends to thin out the oil 
and rob it of its lubricating quality. The transmission oil cooler 
should be kept clean and free of any material that might restrict 
radiation. Normal operating temperature ranges from 200 to 250 F 
(93 to 121 C). When temperature of transmission oil exceeds the 
maximum figure, check for cause of overheating. 

(17) Engine water temperature gage (T, fig. 7). Each engine is 
provided with a gage which shows the water temperature at the 
cylinder head water outlet manifold. These gages should be noted 
frequently while the engines are running, so that proper precautions 
may be taken to prevent overheating. The engines should be 
warmed up to 160 F (71 C) before the tank is driven. The engines 
operate most efficiently between 175 and 180 F (79 and 82 C). In 
hot weather, engine temperatures up to 225 F (107 C) are per- 
missible, since the engines normally run 105 F (41 C) hotter than 
the atmosphere. (See par. 83 b.) 

(18) Accessory outlets (K, fig. 7). Two bayonet-type accessory 
outlets are provided at the upper corners of the instrumnet panel. 
These outlets may be used to supply current for trouble lights, 
windshield wiper, defroster, ventilating fans, and other accessories. 

(19) Blackout driving light switch (II, fig. 7). The blackout driv- 
ing light may be used to supply illumination for driving when the 
service driving lights might reveal the position of the tank. First 
remove both service headlights from their sockets at the front of 
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the tank. Then insert the blackout driving- light in the sockot uf | 
left front lamp. With the master light switch (F, fig. 7) pullnl 
first position, pull out on blackout driving light switch hull-.,, | 
turn on blackout driving light. The blackout headlight, I nil 1 1 
and stoplight also will be on with the switches in this \m 
CAUTION: Under combat conditions, the blackout driving 
should be used intermittently, and only when absolutely ru»ci 
for safe vision. Remove all headlights and stow them inside 
when not needed under combat conditions. Protect headlight 
by inserting protection plugs attached to headlight guard:. 

123, SOLENOID STARTER SWITCH. 

A solenoid starter switch is located on each starter motoi I 
eliminating the necessity of running heavy cables up to the n> 
ment panel, it reduces voltage drop. These solenoids are actuati il 
the push button starter switches on the instrument panel ami llfl 
panel. 

124. MAINTENANCE OF INSTRUMENTS (fig 134). 

a. All instruments and switches that become inoperative I 
be exchanged for serviceable ones. 

b. Compass. 

(1) Compensation. Corrections for the attraction of the nuinl 
components surrounding the compass are made by means of colli 
pensating screws. 

(a) Using a small brass (non-magnetic) screwdriver, turn • ■ i 
screw until the white dot on the screw alines with the white dol I 
the compass body. 

(b) With all tank equipment of a magnetic nature in place, hi . i 
the tank due magnetic north, which usually is different from Lhl 
true north. (Note: All directions are to be determined by an 
instrument placed at some distance from the tank. A surveyoi 
transit may be used.) Turn the N-S screw until the compass rend 
N. Head the tank due east and set the compass at E by turning i hi 
screw marked E-W. Head the tank due south of magnetic north 
and remove one-half the existing error by turning the N~S adjusting 
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icrew. Head the tank due west and remove one-half the remaining 
Existing error by turning the E-W adjusting screw. 

(c) Recheck by heading the vehicle in each of the true directions 
fcown on the correction card, furnished with each instrument and 
Record the corresponding compass readings in the spaces provided. 

(d) If satisfactory compensation is not obtainable by the fore- 
ping procedure, notify ordnance maintenance personnel. 

(9) Maintenance. At frequent intervals, inspect the compass 
for the presence of air in the bowl and, if necessary, remove the 
filler plug and refill with ethyl alcohol. Compensation for error due 
to local magnetic variation should be made as required by change 
of station. 

125. REPLACEMENT OF INSTRUMENTS (fig. 134). 
To replace any electrical instrument in the instrument panel: 

a. Open both battery switches. 

b. Remove the nuts holding the wires to the back of the 
instrument. 

c. Remove wires from connections, marking each for identi- 
fication. 

d. Loosen the out on the clamp holding the instrument and 
remove instrument. 

e. Insert new instrument. 

f. Tighten the nut on the holding clamp. 

g. Install wires on connections. 
h. Install nuts. 

i. Close battery switches. 

126. TERMINAL BOX, 

Terminal boxes are mounted as follows: 

a. One on each engine compartment side panel for circuits sup- 
plying the air shut-down valves, fuel and lubricating oil tank (gage) 
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units, air heater, ignition coils, auxiliary starter buttons, mihI 
taillights. 

b. One terminal box on the left sponson, forward, for circultl 
supplying all lights on the front of the tank, hull dome lir.l 
low-oil cut-off switch system, siren and stoplight system, siren 
system, and resistor wire system. 

c. In addition, there are two terminal boxes for the radio and 
intratank telephone system, one in the turret and one on the ri«hl 
hull side plate. 

127. SOLENOIDS. 

a. The air shut-down valves of the Diesel engines are opera! 
by means of solenoids, controlled by two buttons on the instrument 
panel. 

b. When properly installed, these solenoids should not recfim. 
any attention. If trouble is experienced, a heavy jumper plaeail 
across the contact terminals with switch button depressed will 
indicate whether the solenoid switch is inoperative or the troubli 
lies in some other part of the circuit. Replace inoperative sole I 

128. LIGHTS. 

a. Headlamps. A socket is provided above each front fender fo| 
installation of the combination driving and position lights. Thl 
lights should be kept inside the tank except when specific orders an 
given for their use. A plug {see fig. 135) provided to weather 
the socket should be kept in the socket when the lights an- n | 
installed. The plug is chained to a protective housing in which thl 
plug is stored when not in use. 

b. Focusing. The driving lights are focused by means of a focui 
ing screw back of the lights. 

c. Blackout driving light (fig. 135). A special blackout driving- 
light is provided for mounting in the left front light socket. 

d. Taillamps, The taillamps are combination lamps. In the lufl 
lamp, the upper lens is the service light and service stoplight. II.. 
lower lens is the blackout light. In the right lamp, the lower lem | 
the blackout light, the upper lens is the blackout stoplight. Both 
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Figure T35 — Blackout Driving Light with Hood Attached 

stoplights are controlled by stoplight switches, connected in series, 
operated by the steering brake levers. Stop signals show only when 
both hand levers are pulled, indicating a slowing down or a stop. 

123. SIREN. 

The siren, mounted on the front left fender of the tank (see fig. 
135), is operated by a button at the driver's left foot. To remove 
siren : 

a. Open both battery switches. 

b. Disconnect the electric cable at fender connector. 

c. Remove the nuts and bolts, freeing the siren. 

130. RADIO INTERFERENCE ELIMINATION. 

a. Shielding. 

(1) Description. The wiring system is shielded to prevent radio 
interference. The shielding is constructed so that if any part is 
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damaged it may be readily replaced without discarding the entire 
shielding structure. 

(2) Maintenance and inspection. 

(a) The electrical wiring, the shielding, and conduits, require 
frequent inspection and checking. 

(b) Crushed conduit and shielding should be replaced. Clean oily 
or dirty shields or shielding fittings and tighten all coupling nuts. 
Replace wires or conduits that have become oil-soaked. 

(c) In cleaning couplings or shields, use carbon tetrachloride 
(If none is at hand, dry-cleaning solvent may be used. CAUTION: 
Be sure both battery switches are open.) The threads should bl 
cleaned with a small wire brush to remove high-resistance oxidation, 
which sometimes forms on the inside of brass couplings. 

b. Generator radio filter. The generator radio filter, mounted on 
the rear of the battery box, dampens or filters out the radio interfer 
ence caused by arcing of the brushes and the generator regulator 
contact points. The filter is made up of three separate interchange • 
able filtering units, one for each of the engine generators and one foi 
the auxiliary generator. (For replacement of radio filter, see par 
133 j (3).) 

131. STARTING MOTOR. 

A 24-volt electric starter is used on each engine. For details of Itl 
operation and replacement, see paragraph 52, 

132. TURRET ELECTRICAL INSTALLATIONS. 

a. General. Current for all electrical units in the turret is broughl 
in through the collector ring (slip ring) assembly (fig. 136) localnl 
at the center of the turret basket floor. The upper rings carry tin 
12-voIt current for the radio and intratank telephone system. Th< 
lower rings carry the 24-volt current for the traversing and stn 
bilizer mechanisms and the firing switches. All leads from thl 
24-volt circuits go through the turret switch box (fig. 137). 

b. Inspecting slip rings (fig. 136). The slip ring assembly will 
seldom require attention. It should be kept tightly covered. Slip 
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RA PD 36436 

Figure J 36 — Collector Ring Assembly, Cover Removed 

rings should be inspected for presence of dirt, and wiped off with 
cleaning solvent if necessary. Brushes should be inspected and 
cleaned in the same manner, and the tension of brush springs 
checked. 

c. Replacing fuse in turret switch box (fig. 137). 

(1) Remove switch box cover (4 screws) . 

(2) Loosen two self-locking nuts that hold prongs of fuse assem- 
bly and lift out the fuse. 
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(3) Slip new 100-ampere fuse into place on the studs and tighten 
the nuts. 

(4) Replace switch box cover. 

d. Stabilizer and traversing mechanisms. No repairs, and no 
adjustments other than those called for in the use of these mech- 
anisms, will be made on any units of the traversing and stabilizer 
mechanisms. Faulty operation traced to any unit should be re- 
ported immediately to ordnance maintenance personnel, and the 
unit replaced. 
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Figure 137 — Turret Switch Box with Cover Removed 
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Figure 138 — Stabilizer and Traversing Oil Pumps and Motor 
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e. Inspecting firing solenoids. The 75 mm gun and the cal. ,80 
machine gun firing solenoids should be inspected regularly fol 
security, adjustment, and correct operation. If a solenoid fails !<■ 
operate, check all lines with a light; and if circuit is undamajedj 
replace the solenoid. 




RA PD l?M« 

Figure 139 — Firing Solenoid Installed on 75 MM Gun 

133. TROUBLE SHOOTING. 

a. Checking main circuits to localize trouble, With both batter) 
switches on and all electrical units turned off, a negative or dil 
charge ammeter reading indicates either a grounded or a shorted 
wire in one of the electrical circuits. To determine in which system 
the faulty circuit is, perform the following preliminary check: 
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Figure 140 — Firing Soiertoid on Turret Cal. .30 Machine Gun 

(1) Remove the bottom instrument panel plug B (see fig. 126) on 
the right-hand side of the instrument panel. If the ammeter reading 
returns to zero, the trouble is in one of the circuits fed by the 
driver's compartment terminal box. If the ammeter still reads dis- 
charge, the trouble is in one of the other systems and can be 
located by removing the remaining instrument panel plugs, one 
after the other, as follows : 

(2) Remove the top instrument panel plug C (see fig. 127) on the 
left-hand side of instrument panel. If the ammeter still reads dis- 
charge, the trouble is not in the circuits fed by the engine compart- 
ment right terminal box. 

(3) Remove the bottom connector plug D (see fig. 127) on the 
left-hand side of instrument panel. If the ammeter still reads dis- 
charge, the trouble is not in the circuits fed by the engine compart- 
ment left terminal box. 
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(4) If after removing plugs B, C, D, the ammeter still shows dis- 
charge, the trouble is localized in System A .(see fig. 126), which is 
the main circuit from the battery to instrument panel. 

(5) After making preliminary check and determining which cir 
cuit the trouble is in, refer to the complete wiring diagrams (figfl 
126-130) in order to determine which individual wire may be at 
fault. 

(6) All wires that are accidentally grounded or have open cii 
cuits should be replaced with wires of the same size and color. 

134. DESCRIPTION AND USE OF RADIO SETS. 

a. The M4A2 Medium Tank may have the SCR-508, the SCR-528 
(fig. 142), or the SCR-538, radio set These are all high-frequent 
voice-operated sets with simple controls, and do not require a 



TRANSMITTER 



RECEIVER 




RA PD 1 74.111 

Figure 141 — Typical Radio and Interphone Installation (SCR-528) 
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RA PD 36442 

Figure 142 — Interphone Control Boxes for Driver and Assistant 

technically trained operator. The SCR-508 consists of a transmitter 
and two receivers, which may operate at the same time on different 
channels; the SCR-528 has a transmitter and one receiver; the 
SCR-538 has one receiver and no transmitter. The SCR-538 has a 
special phone amplifier. There is a phone for each man in the crew, 
with which he may talk to the others. The radio sets will operate 
reliably from 10 to 15 miles, but are considerably affected by the 
terrain and the directional effect of the antenna. 

b. The SCR-508 radio has 10 pre-set channels, any one of which 
may be selected by depressing a push button. The only controls on 
the transmitter for the operator, other than the push buttons, are 
the on and off switch and the radio-interphone switch. The trans- 
mitter should be left on whenever the set is manned, but the micro- 
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phone button should be held closed only while actually talking 
which should not be for more than one minute continuously. Tin i • 
ceiver has, besides its push button tuning controls, a set on and oil 
switch, a manual tuning button and dial, a switch for turning thi 
loudspeaker on or off, the interphone control switch, and the squelch 
on and off switch and sensitivity control. The squelch circuit is used 
to eliminate noise in the set when no signal is being received, and tQ 
actuate the call signal. It is adjusted by turning the switch on and 
operating the sensitivity control to regulate the volume of sou ml 
Different adjustments are required for a moving tank and a stand 
ing tank. 

c. There is no danger to the operator in these types of radio 
However, ordinary precautions must be taken, such as the repair of 
frayed cords or battery leads. Turn off the set at the battery radio 
circuit switch whenever changing fuses or tubes. The operate] 
should not attempt anything but first echelon maintenance; i.l 
keeping the set, headsets, and microphones clean, and the external 
wires tight. 

d. Under certain circumstances, as in a Tank Group (Medium) 
Headquarters, an SCR-506 may be installed in an M4A2. This i | 
medium power CW set requiring a trained operator. 
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135. INSPECTIONS. 

The auxiliary generator requires regular attention to keep it at full 
operating efficiency. The inspections of the unit covered in Section IV 
should be supplemented with frequent checks on operations, and with 
preventive maintenance. 

136. MAINTENANCE (figs. 143 and 144). 

a. Spark plug. The spark plug should be replaced during every 
regular 50-hour inspection of the tank, or after every 25 hours of opera- 
tion of the auxiliary generator. 

(1) Removal. 

(a) Remove the cap from the spark plug shield and take out the 
plug with a spark plug wrench. If the adapter comes out with the spark 
plug, remove it from the plug. Note that in reinstalling the plug, the 
copper gasket must be placed outside the metal shield surrounding 
the plug. 

(b) Whenever the spark plug is removed, the adapter should be taken 
out for cleaning. Both sides of the adapter must be scraped out and 
thoroughly cleaned. After every 75 hours of operation, a new adapter 
should be installed. When installing a new or a used adapter, always use 
a new gasket. 

(2) Installing spark plug. 

(a) Before reinstalling a spark plug or adapter, hold down the 
starting button for a ft-w seconds, in order that any loose carbon par- 
ticles may be blown out of the cylinder. 

b. Magneto. The only magneto adjustment is at the contact point 
assembly, which should In- inspected every 100 hours of operation (of 
the auxiliary generator) Id see that the gap is exactly .020 inch. To 
adjust, proceed as follows: 
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(1) Pry open the three clips on the shield over the magneto, and take- 
off the front half of the shield. 

(2) Remove the magneto rotor by loosening the rotor puller nut, to 
expose the contact points. NOTE: Do not remove the three screws 
holding the starting plate to the rotor. The contact points are now 
exposed . 

(3) Remove the spark plug, to relieve compression and permit turn- 
ing the flywheel. 

(4) Rotate flywheel until gap reaches its maximum. (Cheek with 
feeler gage.) 

(5) Gap should be .020 inch. To adjust, slightly loosen the screw 
which fastens the contact point assembly to the stator plate. Move 
the entire breaker mechanism toward the cam to increase the gap, or 
away from the cam to decrease the gap. 

(6) Tighten the contact point assembly, fastening screw securely, 
and recheck the gap with a feeler gage. Readjust if necessary. (Tighten- 
ing the set screw sometimes changes the adjustment.) 

(7) The entire contact point assembly pivots on the breaker lever 
bearing pin, which permits adjustment of the gap without altering the 
relationship between the contact point surfaces. If the breaker cam is 
removed from the intake valve shaft, reinstall with the arrow (indi- 
cating direction of rotation) on the outside. 

(8) Uneven or pitted contact points may be restored by using a 
smooth carborundum stone, after which all dust particles must be 
removed with a dry cloth. However, if points are in bad condition, it 
is best to install a new set. Do not use a file on the contact point sur- 
faces. Stiff paper or cardboard will remove the oxide formation that 
results from long idleness. 

c. Carburetor. Adjustment of the carburetor will be made only by 
trained ordnance maintenance personnel. Keep the strainer in the fuel 
inlet connection, on top of the carburetor bowl, free from sediment. 
When this strainer is being inspected, open the fuel line shut-off cock 
beneath the fuel tank to make certain there is a free flow of fuel to the 
carburetor. If fuel does not flow freely, remove the fuel filter sediment 
bowl beneath the fuel tank and clean the strainer in top of bowl. 

d. Air filter. Clean the air filter intake on the carburetor monthly. 
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Take apart and rinse with SOLVENT, dry cleaning, then dip the upper 
end of the screen in OIL, engine, SAE 30, and reassemble. (See par. 26, 
Note 11.) 

e. Generator commutator. To inspect the commutator, remove the 
accessible brush head cover plate with an offset screwdriver. The com- 
mutator should require no cleaning for several hundred hours of 
operation. It need be cleaned only when excessively carbonized. To 
clean the commutator, start the engine and use a strip of very fine 
(00 to 8/0) sandpaper, not emery, on the commutator, holding the sand- 
paper down with a stick of wood until the commutator is bright. 

137. REPLACEMENT OF UNIT. 

a. Removal. For complete overhaul, or for major repairs, remove 
the unit from the tank. 

(1) Open both battery switches. 

(2) Remove the air duct cover. 

(3) Remove exhaust coupling. 

(4) Close the shut-off cock and disconnect the fuel line at the 
carburetor. 

(5) Remove control box. 

(a) Take off cover by removing two screws at top. 

(b) Disconnect, at terminals in control box, the three wires that 
come through back of the box from the generator yoke. 

(c) Remove the two screws holding the box to the generator yoke 
(just above the fiber panel in box.) (Use care not to drop these screws 
and washers in back of the panel board. If any are accidentally dropped, 
be certain to remove them before assembling, as they may cause a 
short circuit.) 

(d) Push the three wires, disconnected in (b) preceding, through the 
hole in the box and take off the control box. (Any repair work on the 
control box can be accomplished in the tank, so that further removal 
is unnecessary.) 

(6) Disconnect angle iron supports from fan housing or foot mount- 
ings, or detach foot mountings from sponson, whichever is most 
expedient. 
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(7) If necessary, to facilitate removal of unit from tank, disconni ■ I 
shielding assembly at spark plug, remove screws holding timer brad • I 
to crankcase, and take off entire magneto and timer bracket assembl) 

(8) Lift out the unit. 

b. Installing unit. The unit may be installed by reversing the fori 
going steps for removal. The following precautions are to be taki R 

(1) Make sure that good gaskets are on both ends of the flexibli 
exhaust coupling. CAUTION: All exhaust connections, and the < 
haust pipe itself, should be inspected frequently. The escape of exhau I 
gasses into the tank will subject members of the crew to the danger! «»f 
carbon monoxide poisoning. 

(2) In attaching magneto and timer bracket assembly, see thai iln 
intake valve spring on governor assembly fits in the center of crankplfl 
screw (hex screw holding connecting rod in place) and that the hole In 
the head of the magneto shaft fits over the crankpin screw. 
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138. TURRET 

The turret is a one-piece armor steel casting, rotating on a bait bearing 
race, which is recessed and protected against direct hits and lead splash. 
The turret platform, or basket, is suspended from the turret by a ring 
of bolts around its top circumference. On top of the turret is the turret 
hatch ring, also on a ball-bearing race, which carries the turret hatches. 
The hatch ring mounts the cal. .50 gun. 

139. TURRET TRAVERSE (figs. 10 and 138). 

a. Mechanisms. The turret may be traversed 360 degrees by either 
a power (hydraulic) or a manual traversing mechanism. 

b. Hydraulic traversing. Close the motor switch by pulling out on the 
knob and turning it to the right. Pressure in the hydraulic system will 
build up almost instantly. For hydraulic operation, the clutch lever or 
traversing selector should be in the up position. (CAUTION: Be sure 
that the turret hand lock is disengaged before attempting to traverse the 
turret.) To traverse the turret, grasp the pistol grip control, and turn 
in the desired direction of traverse— right or left. The farther the 
handle is turned, the faster the turret moves. 

c. Hydraulic mechanism. 

(1) The hydraulic traversing system consists essentially of three units 
(fig. 138) -the pump, the control valve mechanism, and the hydraulic 
motor. 

(a) The pump is directly connected to, and mounted on the top off 
an electric motor in front of and slightly to the left of the gunner's seat- 

(b) The control valve mechanism is mounted on the side of the pump, 
which is at the same height as the turret race ring. It has a pistol-grip 
control handle. 
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(c) The hydraulic motor is mounted on the top of the manual travoi 
ing mechanism housing (see fig. 10), The hydraulic motor, whirl i || 
reversible, is directly connected to a gear train whose final drive pinion 
engages the traversing rack of the turret. 

(2) The reservoir, mounted to the left of the electric motor, hoi. Is om 
gallon of a special oil (see par. 26, Lubrication Instructions, Note LO 
The oil should be maintained at the H level. The mechanism should 
not be operated without oil, which serves not only to transmit power Itui 
also to lubricate the mechanism. (In an emergency, SAE 20 lubrica i im 
oil may be used, but it must be replaced with the proper oil ai I 
earliest opportunity.) 

(3) Incorporated in the hydraulic control valve is a relief valve win. I. 

determines the system pressure. A breather cap allows for expans 

of the oil. 

d. Manual traversing. The turret may be traversed manually bj 
turning off the power, pushing the clutch lever to the down position, and 
cranking the vertical brass handle. 

e. Replace hydraulic traversing units. 
(1) Removal. 

(a) Drain mechanism. Place a clean one-gallon container under oil 
reservoir. Disconnect tube from bottom of reservoir and allow resrrvmi 
to drain completely. NOTE: Before disconnecting any tubing in i hi 
turret traversing system, mark both the tubes and the ports, to aid in 
installing. Tags with wires for attaching are satisfactory. Numbol 
each tube and corresponding fitting, or port. Cover all openings. 

(b) Remove hydraulic motor, gear box, and adapter (fig. 10). 

1. Disconnect and remove the three tubes from the top and side of 
the hydraulic motor. 

2. Remove the two pinion-guard screws on bottom of the hand 
traversing mechanism housing. 

3. Lift off guard. 

4. Remove the two bolts which hold the hand traversing medium in 
housing to the turret edge, and lift off unit. CAUTION: Supporl unit 
while removing bolts. 
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5. Remove the hydraulic motor and adapter from the gear box by 
removing the four safety nuts which hold the hydraulic motor and 
adapter to the gear box housing. 

6. To remove the hydraulic motor from the adapter, cut the lock wire 
from the four screws which hold the hydraulic motor to the adapter, 
remove screws, and lift off hydraulic motor and pinion. 

(c) Remove oil pump (fig. 138). 

1. Remove all tubes from the oil pump, mounted on the top of the 
electric motor. 

2. Cut lock wire from four screws holding pump to electric motor, 
remove screws and lock washers, and lift pump upward, CAUTION: 
Do not lose coupling connecting pump and electric motor shaft. 

(d) Remove oil reservoir. 

1. Disconnect and remove tubes attached to oil reservoir, 

2. Remove filler cap. 

3. Remove four mounting bolts and lock washers which hold reservoir 
to turret basket, and lift oil reservoir from brackets. CAUTION : Sup- 
port oil reservoir while removing bolts. 

(2) Install hydraulic traversing units. Units are installed by per- 
forming the removal steps in reverse order. CAUTION: Use extreme 
care to connect all tubes to the proper fitting or port. 

140. TURRET HATCH RING (figs. 145 and 146). 

a. Because the turret hatch ring acts as a 360-degree antiaircraft 
mount for the cal. .50 machine gun, it must rotate freely and easily. If 
its movement is restricted, and no external cause can be discovered, the 
ring and cover assembly should be removed and inspected, and, if neces- 
sary, replaced. 

b. Replacement. 

(1) Removal. 

(a) Remove all but three equally spaced cap screws (?irinch socket 
wrench) that hold the retaining ring and the lower half of the inside 
race to the upper half of the inside race. 
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Figure 145 — Details of Turret Hatch 



(b) Before removing the last three cap screws from the retaining 
ring, provide means of supporting the ring so that it will not drop and 
release the bearing balls from the race. Wooden supports can be bolted 
into place under the ring (see fig. 146) with bolts screwed upward into 
the tapped holes for the outer race retaining bolts. 

(c) Remove the remaining cap screws and lift off the ring and com i 
assembly (two men). 

(d) If lower half of inner race has been damaged, remove ball bearing 
and lift out race. 

(e) If outer race has been damaged, remove the 18 screws (hea\ 
duty socket screwdriver, or a drag link tool and handle) and removl 
the race. 
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Figure 146 — Method of Supporting Inner Race While Removing Hatch 

Ring 

(2) Installation of turret hatch ring. 

(a) If outer race has been removed, put it in place and turn down 
the 18 screws a little at a time, each one in turn, to seat the ring evenly 
(heavy-duty socket screwdriver or drag link tool and handle). 

(b) Set retaining ring and lower half of inner race in place on sup- 
ports, and install and pack the bearing balls. 

(c) Set the turret hatch ring and covers in place (two men). Line up 
bolt holes in retaining ring, race, and turret hatch ring, and install and 
tighten the cap screws (%-inch socket wrench). 



(d) Remove the supports. 
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a. Hatch and port covers. All hatch covers and port covers muni 
close tight and latch easily. Damaged covers should be repaired Q| 
replaced immediately. To remove a cover, first remove the periscopi 
mount, then drive out the hinge pin. Always replace any worn or toffl 
gaskets, so that covers will be weather-tight when closed. 

b. Escape hatch (fig. 147). The escape hatch is an important pi 
vision for the safety of the crew, and should be checked frequently fai 
easy and correct operation. It will be removed and cleaned of din 
rust, and its working parts lubricated, at regular intervals. 

LOCKING RODS 
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142. INSPECTIONS AFTER COMBAT. 

a. Ordinarily, the turret and hull will require little attention other 
than careful checking to see that all parts are tight and that hinges 
and other moving parts are properly lubricated. 

b. After the tank has been in combat, special inspections are im- 
portant. 

(1) Check hull and turret, inside and out, for evidences of cracks or 
damage. 

(2) Remove debris or bullet splash from turret race, from under 
turret hatch ring, and from behind gun shields. 

(3) Check complete 360-degree traverse of turret, using hand- 
traversing wheel. 

(4) Check complete 360-degree traverse of turret hatch ring. (To 
replace, see par. 140 b). 

(5) Inspect all periscope mounts for presence and condition of 
covers, and for free action of elevation and rotation. 

(6) Elevate and depress the 75 mm. gun to its full travel, using the 
manual control. 

(7) Inspect direction vision slots and covers. 



RELEASE AND LOCKING LEVER 



HANDLE 
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Figure J 47 — Escape Hatch 
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Paragraph 

Gyro-stabilizer system 148 

Turret machine gun 141 

143. GYRO-STABILIZER SYSTEM (figs. 148-150). 
a. Repairs. 

(1) The interior parts of the sealed gyro-stabilizer control median 'mm 
are classified as confidential, and the seals are not to be broken excopl 
by fifth echelon personnel The disassembly and overhaul of gull 
stabilizers, stabilizer control mechanisms, and oil pumps, will be j- ■ 
formed only by the fifth echelon or authorized arsenals, to which con 
ponent assemblies not reparable in the field are to be returned for 
repair. (See Ordnance Field Service TB 1798A-1.) 

(2) In case of failure of the motor or the gyro-stabilizer control unit , 
check all leads and switches. If the trouble is found to be in the umi 
itself, it should be replaced. 

b- Testing for presence of air. It is essential to the correct opera I Ion 
of the gyro-stabilizer system that oil leaks be prevented and thai :m 
be kept out of the system. The presence of air in the hydraulic systoiB 
of the gyro-stabilizer system is ordinarily evidenced by loss of sensitiv ii \ 
of the system, rapid hunting, or oscillation of the gun mount, bohlitiiM 
of the gun when the elevating wheel is turned, and failure of the gun I Q 
return quickly to the correct position. A simple check for air in I In 
system is made by the following procedure: 

(1) Lock the gun in fixed position with the locking bar. 

(2) While watching the oil level in the stabilizer oil gage (see 
149), turn the turret switch on, starting the gyro-stabilizer motoi 
If the oil level drops, there is air in the system. 

(3) Turn the turret switch to the off" position, release the locking bar, 
disengage the hand elevating mechanism, and work the gun slowly up 
and down by hand for five to ten minutes, then repeat the check a m 
(1) and (2). If the system still shows presence of air, the system shun 1. 1 
be charged with oil. 

c. Charging with oil (figs. 138, 148, 149). In charging the stabilize 
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Figure 148 — Stabilizer Cylinder and Connections 



system with oil, it is important that every bit of air trapped in the 
system be removed. The following procedure should be adhered to: 

(1) Use Univis 47 oil (Government Specifications 2-79-A). 

(2) Heat oil to 150-200 F (65-93 C) if possible. 

(3) Remove filler plug (see fig. 149). Oil may be poured directly into 
the reservoir, pumped in with a plunger-type oil can, or added under 
low pressure. A pressure feed can be arranged as follows: 

(a) Fit a filler can with a three-foot feed line and pressure source, 
such as compressed air. Install a shut-off valve at the reservoir con- 
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Figure 149 — Upper Controls at Gunner's Station 
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nection end of the feed line, and a %-inch union below the shut nil 
valve. 

(b) Remove oil supply line from reservoir. 

(c) Connect filler can feed line to oil reservoir. 

(4) Make certain that the turret switch is in the off position. 

(5) Loosen the oil return line at cylinder hex plugs, and loosen I UVQ 
bleeder valves on cylinder (fig, 148). 

(6) Add oil to the system until a flow free from bubbles is obtai I 

from the return line, then tighten this connection permanently. 

(7) After a solid flow of oil is obtained from bleeder valves, hcmnV 
them up finger-tight. 
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(8) Loosen top bleeder valve. Push breech slowly to extreme u|» 
position and tighten bleeder valve after a solid flow of oil is obtained 

(9) Loosen lower bleeder valve. Push breech slowly to extreme dovi n 
position and tighten bleeder valve after a solid flow of oil is obtained 

(10) Repeat steps (8) and (9). 

(11) Remove pressure supply line and connections, and union, re 
connect oil reservoir supply line. 

(12) Work gun up and down slowly until no more signs of air appeal 
in oil reservoir. 

(13) Run the pump for about ten minutes. 

(14) While pump is running, loosen both bleeder valves. 

(15) After a solid flow of oil is obtained, tighten valves permanenlly 
and stop the motor. 

(16) Recheck oil level and fill reservoir approximately two-thirds dill 

144. TURRET MACHINE GUN (fig. 140). 

a. General. Since the firing of the cal. .30 machine gun mounted i | 
the turret is controlled electrically, by means of a solenoid, spe< 
procedure must be used in dismounting and mounting the gun. 

b. Dismounting the gun. 

(1) Back out the set screw in the solenoid bracket. 

(2) Back off solenoid bracket swivel lock nut slightly. 

(3) Pull out the locking pin, releasing the solenoid bracket from thl 
gun. Let bracket swing below gun mount, and install locking |>m 
(CAUTION: Steady solenoid bracket with one hand as pin is pulled 

clear.) 

(4) Remove the trunnion pin, pull out gun, and replace pin. 

(5) Swing the solenoid bracket up over the gun mount and tape of 
wire it in place for safekeeping. 

C. Mounting the gun. 

(1) Remove tape or wire from solenoid bracket and swing braeUi 
below gun mount. 
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(2) Remove trunnion pin and locking pin from mount. 

(3) Set the gun in place and insert trunnion pin. 

(4) Lift solenoid bracket into position beneath gun and insert locking 
pin. 

(5) Screw in the solenoid bracket set screw until bracket is tight 
against floor plate of gun. 

(6) Set check nut on solenoid bracket swivel and tighten lock nut. 
d. Testing solenoid firing of gun. 

(1) Test for runaway gun. 

(a) Cock the machine gun. 

(b) Squeeze machine gun trigger. The firing pin should snap forward, 
if the solenoid adjustment is correct to prevent a runaway gun. 

(c) If the firing pin does not snap forward when the trigger is operated 
(having gone forward when bolt handle was released in cocking the 
gun), the adjustment would cause a runaway gun. To correct, unscrew 
the lock nut on the plunger arm (fig. 140) and turn the plunger clock- 
wise. (This adjustment will lengthen the plunger arm, pushing the 
lower arm of the link to the rear and pulling the upper arm and finger 
farther from the machine gun trigger.) Test action again, by cocking 
gun and squeezing trigger. If firing pin snaps forward, tighten the lock 
nut on the plunger. 

(2) Test action. 

(a) Cock the machine gun and close the firing switch, operating the 
solenoid. 

(b) Check by pulling the trigger. Then: 

1. If the firing pin has been released by the solenoid, the adjustment 
is correct. 

2. If pulling the trigger releases the firing pin, the solenoid adjust- 
ment must be changed. Unscrew the lock nut on the plunger arm and 
turn the plunger counterclockwise. Test adjustment as in (a) and (b), 
preceding, and check for runaway gun as in paragraph 144 d (1). When 
adjustment is correct, tighten lock nut. 
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145. PAINTING. 

a. Ordnance materiel is painted before issue to the using arms. Otw 
maintenance coat per year will ordinarily be ample for protection. With 
but few exceptions, this materiel will be painted with ENAMEL, syn 
thetic, olive drab, lusterless. The enamel may be applied over old coal 
of long oil enamel and oil paint, previously issued by the Ordnance 
Department if the old coat is in satisfactory condition for repainting. 

b. Paints and enamels, usually issued ready for use, are applied In 
brush or spray. They may be brushed on satisfactorily when usv<\ 
unthinned in the original package consistency or when thinned no 
more than 5 per cent by volume with THINNER. The enamel will 
spray satisfactorily when thinned with 15 per cent by volume of 
THINNER. (Linseed oil must not be used as a thinner in this enamel, 
since it will impart an undesirable luster.) If sprayed, enamel dries 
rapidly enough to permit repainting after one-half hour, and dries hard 
in 16 hours. 

c. Certain exceptions to the regulations concerning painting exist. 
Fire-control instruments, sighting equipment, and other associated 
items will not be painted. 

d. Complete information on painting is contained in TM 9-850. 

146. PREPARING FOR PAINTING. 

a. If the base coat on the materiel is in poor condition, it is mori 
desirable to strip the old paint from the surface than to use sanding 
and touchup methods. After stripping, it will be necessary to apply a 
primer coat. 

b. PRIMER, ground, synthetic, should be used on wood as a base 
coat for synthetic enamel. It may be applied by either brushing or 
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spraying. Primer will brush satisfactorily as received or after the addi- 
tion of not more than 5 per cent by volume of THINNER. It will be 
dry enough to touch in 30 minutes, and hard in 5 to 7 hours. For 
spraying, primer may be thinned with not more than 15 per cent by 
volume of THINNER. Lacquers must not be applied to PRIMER, 
ground, synthetic, within 48 hours. 

e. PRIMER, synthetic, rust inhibiting, for bare metal, should be 
used on metal as a base coat. Its use and application are similar to those 
outlined in the preceding paragraph. 

d. The success of a job of painting depends partly on the selection 
of a suitable paint, and largely on the care used in preparing the surface. 
All parts to be painted should be free from rust, dirt, grease, kerosene, 
oil, and alkali, and must be dry. 

147. PAINTING METAL. 

If metal parts to be painted are in need of cleaning, they should be 
washed in a solution of SODA ASH in warm water, in the ratio of 
one-half pound to 8 quarts, then rinsed in clear water and wiped thor- 
oughly dry. Wood parts in need of cleaning should be treated in the 
same manner, but the alkaline solution must not be left on for more 
than a few minutes, and the surfaces should be wiped dry as soon as 
they arc washed clean. When artillery or automotive equipment is in 
fair condition and marred only in spots, the bad places should be 
touched up with ENAMEL, synthetic, olive drab, lusterless, and per- 
mitted to dry. The whole surface will then be sandpapered with PAPER, 
Hint, No. 1, and a finish coat of ENAMEL, synthetic, olive drab, 
•lusterless, applied and allowed to dry thoroughly before the materiel 
is used. If the equipment, is in bad condition, all parts should be thor- 
oughly sanded with PAPER, flint, No. 2, or equivalent, given a coat 
of PRIMER, ground, synthetic, and permitted to dry for at least 16 
hours. They will then be sandpapered with PAPER, flint, No. 00, and 
wiped free from dust and dirt. A final coat of ENAMEL, synthetic, 
olive drab, lusterless, will be applied and allowed to dry thoroughly 
before the materiel is used. 

148. PAINT AS A CAMOUFLAGE, 

a. Camouflage is now a major consideration in painting ordnance 
vehicles, with rust prevention secondary. The camouflage plan at 
present employed utilizes three factors — color, gloss, and stenciling. 
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(1) Color- Vehicles are painted with ENAMEL, synth<»l.i« oil 
drab, lusterless, which blends in reasonably well with the n< 
landscape. 

(2) Gloss, Lusterless enamel makes a vehicle difficult to see from I hi 
air or from relatively great distances over land. A vehicle painted mil. 
ordinary glossy paint can be detected more easily and at greali 
tanees. 

(3) Stenciling. A blue-drab stencil enamel, which cannot be ph 
graphed from the air, is used. Blue-drab markings are illegible n\ I 
tanees exceeding 75 feet. 

b. Preserving camouflage. 

(1) Continued friction or rubbing must be avoided, as it will m 
the surface and produce a gloss. The vehicle should not be w 
more than once a week. Care should be taken to see that the wn 
is done entirely with a sponge or a soft rag. The surface should 
be rubbed or wiped except while wet, or a gloss will develop. 

(2) It is not desirable that vehicles painted with lusterless imi 
be kept as clean as vehicles were kept when glossy paint was 1 1 
small accumulation of dust increases the camouflage value. <.. 
spots should be removed with SOLVENT, dry cleaning. Whuti 
portion of the spot cannot be so removed should be allowed to n i 

(3) Continued friction of wax-treated tarpaulins on the side nl 
vehicle will produce a gloss, which should be removed with SOI A' I | 
dry cleaning. 

(4) Tests indicate that repainting with olive drab paint will I 
necessary once yearly, with blue-drab paint twice yearly. 

149. REMOVING PAINT. 

After repeated paintings, the paint may become so thick as to n m I 
and scale off in places. Before repainting, remove the old pain I l.\ u 
of a lime-and-lye solution (see TM 9-850 for details) or REMO\ I I 
paint and varnish. It is important that every trace of lye or other i 
remover be completely rinsed off and that the equipment be perfei 1 1 
dry before repainting is attempted. It is preferable that the use ol I 
solutions be limited to iron or steel parts. If used on wood, Mi. I 
solution must not be allowed to remain on the surface for more I 
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a minute before it is thoroughly rinsed off and the surfaee wiped dry 
with rags. Crevices or cracks in wood should be filled with putty, and 
the wood sandpapered, before refinishing. 

150. PAINTING LUBRICATING DEVICES. 

Oil cups, grease fittings, and similar lubricating devices, and a circle 
about three-fourths inch in diameter at each oil hole and at each device, 
wiil be painted with ENAMEL, red, water resisting, in order that they 
may be readily seen. 
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151. SHIPMENT. 

a. When shipping Medium Tank M4A2 on flat cars, every pre 
caution must be taken to have the tank properly blocked and fastened 
Material used for blocking must be hardwood, fir, spruce, or long leal 
yellow pine, straight grain, and free from strength-impairing knots. 

(1) Cars must be inspected to see whether they are in suitable coil 
dition to carry the load to its destination. The weight of the tank, 80 
tons, makes it most necessary that the cars have sound floors. All looifl 
nails or other projections not belonging to the car must be removed] 
but loose nails, bolts, and other parts used in the construction of il.. 
car should be made tight, not removed. 

(2) The load must be so distributed that there will not be more 
weight on one side of the car than on the other. If a single tank is placed 
on a car it must be so located that each truck of the car carries approxl 
mately one-half of the load. 

(3) All doors and other openings of the tank must be closed and 
secured as a protection against weather and pilfering of equipment 
Drain valves should be blocked open to drain out seepage and con 
den sat ion. 

(4) If the tank is to be used immediately upon reaching its destinfl 
tion, it may be desirable to keep the fuel tanks filled. If transports in.. 
of the tank is by rail express, in which case civilian passengers may l>< 
carried in coaches of the same train, the fuel tanks must be drained 
The draining of the fuel tanks is not required if only military personnel 
is carried in accompanying coaches. 

(5) The handbrake of the car must be set securely during the Joac linj 
operation. At least six inches clearance must be left around and abov< 
the handbrake wheel or lever. 

(6) Equipment moving from manufacturer to arsenal or proving 
ground, or from arsenal or proving ground to army post, or individual 
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units moving from one army post to another, must be placarded DO 

(7) Further details on loading are to be found in "Special Supplement 
Containing Rules Governing the Loading of Mechanized and Motoriz- 
ing Army Equipment, also Major Caliber Guns for the United States 
Army and Navy, on Open Top Equipment," published by the Asso- 
ciation of American Railroads, Operations and Maintenance Depart- 
ment, April 1, 1941. F.M. 101-10 also gives information on shippine 
instructions. 

(8) Before fastening the tank to the car it will be necessary to take 
certain measures to prevent corrosion during transit. If the vehicle is to 
be put in dead storage after it reaches its destination, corrosion- 
preventive treatment should be applied to the engine immediately 
before shipment and shortly after it reaches its destination. (The follow- 
ing paragraph outlines the methods of applying corrosion-preventive 
compounds.) 

152. STORAGE, 

a. General instructions. The storage of motor vehicles and equip- 
ment, and inspection in connection therewith, are covered in AR 850-18. 
With a few exceptions, the information given in this manual will apply 
directly to storage and the preparation for storage of Medium Tank 
M4A2. Insofar as possible, methods outlined in AR 850-18 must be 
followed -in order that engines and other units of the materiel be prop- 
erly protected from damage by corrosion. 

b. Storage conditions. Tanks that are not in actual use will be stored 
m closed buildings or covered sheds, if available. In lieu of this pre- 
ferred storage space, they may be stored in the open and covered with 
tarpaulins. In each case, the floor must be solid and free from crushed 
rock, deep dust, and oil. It is desirable that the rubber tracks rest on 
planks. Every precaution must be taken to afford proper drainage of 
water from the floor, and to locate the place of storage so that the 
materiel will be properly protected from flood or fire. 

c. Technical inspections. The tanks and equipment will be inspected 
at the time they are placed in storage, and at frequent periods as 
designated m AR 850-18. A tag or tags tied to the unit or vehicle will 
be kept up to date by the inspector, to indicate the condition of the 
tank and the work to be done before the unit is again placed in service. 
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Minor work of surface preservation and application of corrosion-pn- 
ventives will be accomplished at the time of inspection. Work involving 
the use of shop facilities will be accomplished at the earliest practicable 
date. When a tank is placed in dead storage, the batteries must !><• 
removed, and placed in active stock if practicable. 

d. Limited storage. Tanks in limited storage are those that are to 
be out of service for less than thirty days. They will be kept ready fot 
immediate service, with fuel tanks and lubricating oil tanks filled and 
with cooling systems filled according to seasonal requirements. Tin- 
battery will be maintained in a fully charged condition, and should 
remain in the tank. The battery switches will be open during storagl 
periods. The tank must be thoroughly cleaned and lubricated before 
being placed in limited storage, and proper precautions should be taken 
to protect the rubber elements from extreme light or heat. Brakes will 
not be left applied, and the tank will not be left in gear. 

e. Dead storage. Tanks in dead storage are those that will not be 
required for service for an indefinite period. (Tanks should not be in 
limited storage status for over thirty days; however, it will be impos- 
sible to adhere to this ruling under certain combat conditions.) When 
the Medium Tank M4A2 is placed in dead storage, the engine will be 
removed, inspected, repaired at once if practicable, and treated with 
COMPOUNDS, corrosion-preventive. Cylinder walls should be coated 
with SAE 50 or 60 viscosity lubricating oil or an approved corrosion - 
preventive compound. In any event, it is most essential that the treat- 
ment with corrosion-preventive compound be given immediately after 
the engine is placed in dead storage. 

(1) Engine. 

(a) After the final shut-down, the engine should be allowed to cool 
ofT. (A thicker film of corrosion-preventive compound will cling to cold 
cylinder walls than to hot walls.) 

(b) Rocker arm assemblies. With rocker arm cover removed, spray 
the valve mechanism with Diesel engine corrosion-preventive com- 

■ pound. Special spraying outfits are available for applying this com- 
pound. The engine crankshaft will be rotated while the corrosion- 
preventive is applied so as to cover thoroughly the entire surface of 
protruding ends of valve stems. 
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(c) Cylinders, 

1 Remove the inspection covers and air heaters from the air box to 
gain access to the cylinder air ports. Move the piston in each cylinder 
in turn to the bottom of its stroke so that the cylinder air ports are 
uncovered. Force the viscous protective oil through any convenient tube 
that can be inserted in the ports. Forcing the oil through several small 
holes in the end of the tube will help to spray the cylinder walls with a 
protective film. Heating the viscous oil beforehand facilitates pumping 
or forcing it through the tube. Rotate the crankshaft two or more 
revolutions by hand (see par. 71 d (4) and (5)) to distribute the pro- 
tective oil uniformly on the cylinder walls. (Turning the crankshaft 
by hand is preferred to power cranking because it avoids damage which 
might result if an excess of oil were trapped between the piston and the 
cylinder head.) Remove any excess oil puddled in the combustion 
chambers in the piston crown. Reinstall hand-hole cover plates and 
air heaters. 

2 NOTE : The quantity of compound to be sprayed into each cylinder 
will be metered, if possible; if meters are not available, measurement 
will be accomplished by accurately determining the time required to 
spray the specific quantities and timing subsequent spraying of the 
individual cylinders to obtain the proper quantity in each. Personnel 
first performing the spraying operation shall determine by experiment 
the proper technique for completely coating cylinder wall, piston head 
and valves with corrosion-preventive. Two ounces (}/$ pint) of com- 
pound will be sprayed into each cylinder, after which the engine crank- 
shaft will be turned at least two complete revolutions. The cylinder 
space above each piston will then be resprayed with ]/{ % pint of com- 
pound, without revolving the crankshaft farther, since this space is 
particularly susceptible to corrosion. This procedure permits treatment 
of the maximum surface of the cylinder wall and the piston head. After 
thus treating the interior of all cylinders, a small quantity of the cor- 
rosion-preventive compound will be sprayed into each exhaust port, 
with each exhaust valve opened so that it will be coated. 

(d) Openings. All fuel and lubricating oil lines or open connections, 
cylinder ports, and other openings, shall be closed with suitable plugs, 
covers, etc. Threaded openings shall be closed with threaded plugs 
whenever practical. If wooden or similar tapered plugs are used, they 
shall be so constructed that they cannot be accidentally pushed or 
driven completely into the openings. 
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(e) Exterior of engine. The exterior of the engine will be thoroughly 
cleaned with SOLVENT, dry-cleaning. A coating of COMPOUND, 
rust-preventive, will be applied on all unpainted steel parts. Rusi 
appearing on any part before storage will be removed with sandpaper 
or a wire brush and the metal coated with corrosion-preventive com- 
pound, unless the surface was originally painted. Painted surfaces will 
be repainted. If possible, the entire engine should be enclosed in a 
suitable weatherproof fabric. 

(2) Fuel oil. Drain fuel oil and return it to proper storage. 

(3) Battery. Remove the battery. After plugging the vents in the 
cells, clean the case with a solution of soda ash and water (8 ounces to 
the gallon) to neutralize the acid. Care should be taken to previni 
shorting out while the vents are plugged. After this treatment, flush 
the case with cold water; do not use hot water or steam. Remove plugs 
from the vents after cleaning. Terminals and cable ends should be 
thoroughly cleaned with soda ash solution, scraped clean with suitable 
tool or wire brush, and then greased with petrolatum or light grease. 
Hydrometer readings of cells should be taken, and the battery charged 
if readings are 1.275 or less. Add distilled water to cover the plates, 
but not in excess of )4 inch above the plates. Place the battery in 
active stock. Never allow batteries in stock to become discharged 
below a hydrometer reading of 1.275, as a precaution against freezing. 

(4) Tank, general. Rust appearing on any part before storage will 
be removed with sand paper. Painted surfaces will be repainted, and 
unpainted surfaces will be lightly coated with rust-preventive compound. 

(5) Inspection tag. Attach a tag to the dash board. The dates of 
inspections will be entered on this tag and each initialed by the inspector. 

f. Periodic treatment in dead storage. 

(1) At the expiration of each three-month period, corrosion-pre- 
ventive treatment will be repeated, with particular attention to the 
cylinders, valve compartments, and other internal parts. Under un- 
favorable climatic conditions, such as might exist in tropical climates 
or near salt water, it will be necessary to perform more frequent 
inspections and corrosion-preventive treatments in order to prevent 
damage to the equipment. 

(2) Tanks will be inspected frequently to see that equipment, or 
parts are not removed without proper authority. 
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g. Removing tanks from dead storage. 

(1) Cylinders. When taking the engine assembly out of storage, care 
must be taken to flush out the cylinder and combustion chamber thor- 
oughly. Fuel oil or kerosene may be used. It may be sprayed into a 
cylinder, then the dome of the piston blown out with compressed air. 
Always check air box drains after flushing. 

(2) Valves. Rotate the crankshaft through three or four revolutions 
by hand and observe for proper operation of valve mechanism. Any 
valve found to be sticking should have the stem generously lubricated 
with penetrating oil or with a 50-50 mixture of kerosene and light 
lubricating oil. Continue to turn the engine over by hand until all 
evidence of sticking valves has been eliminated. If this treatment does 
not free the valves, mechanical repairs to free them must be made 
before the engine is placed in service. 

(3) Fuel oil tank. Tank shall be filled. 

(4) Battery. Install a fully charged battery. 

(5) Cooling system. Fill with coolant as required by seasonal con- 
ditions. 

(6) Transmission, differential, final drives. Drain old lubricant from 
these units and other enclosed gears, flush thoroughly with lubricating 
oil SAE 10, and fill them to proper levels with the correct lubricant 
(see par. 26). 

(7) Lubricating oil. Install the engine in the tank, fill each oil tank 
about half-full. Since the material used as a corrosion-preventive on 
the interior surfaces of the engine mixes freely with engine oil, it will 
not be necessary to remove it before adding lubricating oil. Run the 
engine two or three hours, then drain the oil tank and fill with new oil. 

(8) Lubrication. The tank shall be thoroughly lubricated before 
being placed in service. 

(9) Inspection. A thorough inspection of the tank will be made 
upon removal from dead storage. Any repairs that have been ordered 
on the inspection tag attached when the vehicle entered storage and 
which have not been previously made must be taken care of at this time. 

(10) Starting engine. Engine will be started according to the instruc- 
tions given in Section II, Operating Instructions. Particular attention 
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should be given to watching for overheating of the engine, excessive 
vibration, or any unusual noises. 

153. STORAGE OF COMPONENTS AND EQUIPMENT. 

Components removed from tanks prior to storage must be thoroughly 
inspected and overhauled if necessary before being stored for reissue. 
These components, including engines, need not be retained in storage 
for any particular vehicle, but should be considered as stock when issue 
becomes necessary. 
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Paragraph 

Standard nomenclature lists 154 

Explanatory publications 155 

Training films and film strips 156 

154. STANDARD NOMENCLATURE LISTS. 

Current Standard Nomenclature Lists are as tabulated here. An 
up-to-date list of SNL's is maintained in the Ordnance Publications 
for Supply Index (OPSI). 

a. Armament, 

Gun, machine, cal. .30, Browning, M1919A4, fixed 

and flexible bow mounts SNL A-6 

Gun, machine, caL .50, Browning, M2 heavy barrel, 
fixed and flexible and ground mounts SNL A-39 

Gun, submachine, cal. .45, Thompson, M1928A SNL A-32 

Materiel, 75-mm., Tank Gun M2, M3 SNL C-34 

b. Cleaning, preserving, and lubricating materials SNL K-l 

c. Tanks. 

Tank, Medium, M4A2 (in preparation) SNL G-104 

(Vol. VII) 

155. EXPLANATORY PUBLICATIONS. 

a. Armament. 

Browning machine gun, cal. .50, all types TM 9-1225 

Gun, Machine, cal. .30, Browning, M1919A4 FM 23-50 

Gun, submachine, cal. .45, Thompson, M1919A5 FM 23-40 

Gun, 37-mm., M6, and cal. .30, M1919A5 FM 23-81 

75-mm. Tank Gun Materiel TM 9-307 

Stabilizer, all types . TM 9-1799 

b. Cleaning, preserving, and lubricating materials TM 9-850 

c. Engine. 

Ordnance Maintenance, General Motors Diesel Mod- 
el 6046 Power Plant for Medium Tanks M3A3, 
M3A5, and M4A2 TM 9-1759 
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d. Maintenance and inspection. 

Echelon system of maintenance TM 10-525 

Fire prevention, safety precautions, accidents TM 1G-36Q 

Motor transport inspection. TM 10-54.5 

Sheet metal work, body, fender and radiator repairs. TM 10-450 

e. Miscellaneous. 

Automotive electricity TM 10-58(1 

Automotive lubrication , , . , TM 10-540 

Defense against chemical attack FM 21-40 

Electrical fundamentals TM 1-455 

Fuels and carburetion TM 10-550 

Ordnance Maintenance, Auxiliary Generator for 

Medium Tank M3 TM 9-1752 

Tank units FM 7-10 

f. Storage and shipment. 

Loading of mechanized and motorized army equip- 
ment on open top railroad equipment — Association 
of American Railroads Storage of Military Motor 
Vehicles , AR 850-10 

156. TRAINING FILMS AND FILM STRIPS. 

a. Hand, measuring, and power tools. FS 10-40 

b. Lubrication , FS 10-39 

c. Maintenance and inspection. 

First echelon of maintenance FS 10-53 

Inspection of motor vehicles FS 10-58 

Second echelon of maintenance FS 10-54 

The motor vehicle driver, first echelon maintenance. TF 11-558 
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Accelerator 

Accessories- definition 

Accessories, armament — defini- 
tion 113 

Accessories carried in tank 114-116 

Accessories carried in tank, spare 

parts and 113-117 

For machine gun cal. .30 113-115 

For sub-machine gun cal. .45. .115-116 

For machine gun cal, .50 116 

For 75 mm. gun, M3 1 16-117 

Accessories carried outside tank, 

tools and 77 

Accessories, equipment and 80-82 

Accessories, organization spare 

parts and 113-117 

Accessory outlet 345 

Adjustments 

Brake shoe support screw .... 278 

Parking brake 285-286 

Steering brakes 274 

Steering levers 279 

Steering lever connecting rods 279 

Air blower 201-204 

Air cleaners 

Desert operation 91 

Desert or sandy road operation 91 

Air cleaners, engine 

Description i£g 

Installing 201 

Maintenance 62-63, 198-201 

Reconditioning 200-201 

Removing 200 

To replace housing gaskets. . 196-197 

Air cleaners and filters 62-63 

Auxiliary generator 63 

Air heater 

Disconnect hoses 214 

Air heaters (engine) 178-179 

Description 178 

Maintenance 179 

Removal and replacement .... 179 
Air heater fuel shut-off valve. . . . 342 

Air heater hand pump 342 

Air intake system 

Air box drains 197 

Description 196-197 

To replace housing gaskets 196-197 



A — Cont'd Page No, 

Air shut-down valve solenoid . . . 350 

Ammeter, engine 342-343 

Ammunition 

Stowage diagram 36 

Stowage position 37 

Ammunition box, remove 75 mm. 271 

Ammunition carried 35 

Antifreeze mixtures 88-89 

Antifreeze solutions 256 

Armament 12,14-15,35-49 

Description . ' 35-40 

Repair tools 79-8O 

75 mm. gun and cal. .30 ma- 
chine gun 44-46 

Armor thickness 15 

Auxiliary generator 

unit 12, 32-34, 361-365 

Air duct, description 34 

Air duct, remove 223 

Air filter 63 

Maintenance 361 

Outlet tubing, remove .... 222 

Remove and replace 365-366 

Servicing , 72-73 

Starting 33 

Stopping generator engine .... 34 

Voltage regulator 338-339 

Auxiliary starter button 341 

B 

Batteries, cold weather operation 89 

Battery 323-337 

Cables, disconnect 213-214 

Capacity and temperature 

data 334 

Charging 33 

Description 323, 333 

Hydrometer correction table . 335 

Installation 335 

Maintenance 333 

Removal 335 

Battery switches 

Description and location 335-336 

Replacement 336-337 

Blackout driving light 350 

Blackout driving light switch , . 345-346 
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B— Cont'd Page No. 

Blowers, engine 

Description 201 

Replacing assembly 201-202 

Replacing drive shaft ........ 204 

Replacing gasket 204 

Bogie suspension 

Description 301-309 

Inspection 299-300 

Volute spring, install 309 

Volute spring, remove 307-308 

Wheel, grease seal and bearings, 

replace ,, 306 

Wheel, inspect , 299 

Wheel, install 306-307 

Wheel, lubrication 302 

Brake shoes 

Connecting assembly 282-285 

Disconnecting 280-282 

Installation 282 

Removal of 280 

Withdrawing 282 

Brakes 

Parking 18,285-286 

Service 18 

Brakes, adjustment of steering .274-285 
Bus bar 339 



Cam followers 

Inspect 156 

Remove 152 

Replace 154 

Camouflage 381-382 

Capacities 16 

Air cleaner reservoirs 63 

Lubricants and types 61 

Care after exposure to gas 76 

Care and preservation 75-76 

Charging battery 33 

Chassis lubricants— cold weather 88 

Circuit breaker 339, 344 

Cleaning 
Auxiliary generator air filter. . . 63 

Engine air cleaners 62-63 

Primary fuel filter 70 

Clock 343-344 



C — Cont'd Paga Na. 

Clutch 19, 257 

Adjust synchronizing links. . . . 262 

Care 257 

Check lockout operation 263 

Clutch adjustment, complete. 260 

Lockout buttons 262-263 

Operation 257 

Pedal linkage adjustment. .... 262 
Synchronizing adjustment ... 262 

Clutch housing and clutch 
assembly 

To remove 263-266 

To install 267-268 

Clutch lockouts, use of "51 

Clutch pilot bearing 

Lubrication 69-70 

Removal . . , , 69 

Clean and pack 69-70 

Installation 70 

Clutch selector lever shaft lubri- 
cation 72 

Clutch shifter levers, disconnect. 223 

Cold weather operation 32, 86-90 

Diesel fuel 86 

Engine lubrication 86-87 

Cold weather starting 26-27 

Combat zone precautions 75 

Communications 13, H> 

Compass 346-347 

Controls 
Firing. 44-46 

Controls, gun firing mechanism 

and 374-378 

Controls — operating 11-12 

Controls, operating instructions 
and 18-84 

Cooling system 

Antifreeze solutions 2M 

Drain and refill 260 

Inspection and maintenance . . 250 

Pressure filler cap , . 264 

Protection of 88 Bfi 

Radiator 

Water hose and fittings 264 

Crankcase ventilation 185- 1 H7 

Crew compartment 
Heating , 34 

Crew stations . I '•'. 
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Page N*. 


Cylinder head assembly 


. 136-142 


To replace gasket , 


136 


To remove assembly 


...136-141 


To install assembly 


. . .141-142 



D 

Data 

Ammunition carried. 15 

Armament 14-15 

Armor thickness 15 

Capacities 16 

Communications 15 

General 13 

Performance 16-17 

Power unit 14 

Tracks 15-16 

Turret 15 

Weights 14 

Decontamination 92-95 

Demolition, methods of 96-99 

Descriptions 

General, turret and hull . 3-11 

Power unit (engines) 118-124 

Destruction of materiel 96-99 

Differential 272-274 

Lubrication 67-69 

Differential lubrication— cold 

weather 88 

Diesel fuel specifications 86 

Diesel principles and operation. . 121-122 

Distinguishing features 13 

Draining 

Air box 197-198 

Cooling system 215 

Engine lubricating oil system . . 214 

Fuel oil filters 70 

Fuel oil tanks 243-244 

Lubricating oil tanks and 

engines 57 

Power train unit 276-277, 288 

Drive mechanism 127 

Drive sprockets 300-301 

Description 300 

Replace 301 

Driver's compartment 19 



E Paga No. 

Echelon usage of organizational 

tools and equipment 107-1 12 

Electrical installations, turret. . .352-358 

Emergency starting 28 

Emergency stop buttons 341 

Engine lubricating oil tank 195-196 

Engine lubrication — cold weather 

operation 86-87 

Engine lubrication system 185-187 

Engine oil pressure gage 343 

Engine shrouds, remove 226 

Engine shut-down valve 

Adjusting solenoid 204 

Description 204 

Replacing solenoid 204-205 

Engine tools— organizational . 107-109 

Engine tune-up 173-176 

Engine water temperature gage . , 345 
Engines (detailed references are 
listed in alphabetical indexing 

of units) 1 18-237 

Air cleaners 62-63 

Cylinder head 136-142 

Description 11 

Differences between LA and 

LC parts 104, 106 

Direction of rotation 124 

Draining lubricating oil 57 

Engine test 29 

Fuel and oil- definitions. , , . . , 124 
Hand hole cover gasket re- 
placement 1 42 

Idling 31 

Installation 127 

Left and right— front and rear 122-124 
Lubricating oil hoses, dis- 
connect 215 

Lubricating oil tanks 63-66 

Removal 213 

Stopping 32 

Synchronizing speeds 258 

Trouble shooting (detailed in- 
formation indexed under 

trouble shooting) 127-135 

Valve and injector operating 

mechanism 142-156 
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Equipment 

Sighting and vision" 81 

Fire control ' 81 

Equipment and accessories 80-82 

Equipment, organizational tools 

and 107-112 

Equipment tools and 77-85 

Tools and accessories carried 

outside tank 77 

Special repair tools 77-80 

Equipment, use of special ■ 82-85 

Escape hatch 372 

Exhaust pipe, remove 216, 219 

Exhaust valve spring, replace 147-149 

Exhaust valves, replace 151-152 

Explanatory publications 391-392 



Fan lubrication 250 

Fans 

Description 207 

Installing . 209 

Removing 208 

Films and film strips, training. . . 392 

Filter panel, removal , 219-222 

Filters 

Maintenance, fuel oil 70-71 

Filters, air cleaners and 62-63 

Filters and strainers (engine oil). 190-192 
Filters (engine oil) 

Changing filter element 191 

Description 191 

Maintenance 191 

Filters, lubricating oil 66 

Final drives, lubrication 67-69 

Final drive units 295-296 

Installation 297 

Removal 297 

Fire control equipment , . 81 

Fire extinguisher, fixed system . . 82-84 

Fire extinguisher, portable 84-85 

Firing controls 44-46 

Firing mechanisms and controls . 374-379 

46-47 

62 



Firing of other guns. . . 

Fittings, lubrication 

Fuel 

Auxiliary generator unit. . . . 
Fuel and lubricating oil gage 



32 
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F — Cont'd Pas* No. 

Fuel and oil — definitions 124 

Fuel oil manifolds 

Description , 182-184 

Maintenance 184 

Replacement 184-185 

Fuel oil filters 

Maintenance 70-71 

Fuel pump 

Checking for leaks 182 

Checking pump pressure 182 

Description , 182 

Replacing pump 1 82 

Fuel supply system 

Description 238 

Filters, fuel oil 240-243 

Description 240-241 

Maintenance 241-243 

Fuel lines, external 245-247 

Fuel oil specifications 245 

Fuel oil tanks 

Draining 243 

Removal 243-245 

Oil tanks 243-245 

Tank selector valve 238-240 

G 

Gas, care after exposure to 76 

Gas, decontamination 92-95 

Gear shifting 19 

Generator, auxiliary 

Description 12, 32 

Lubrication and fuel 32-33 

Maintenance 361, 364-365 

Replacement 365-366 

Starting 88 

Stopping 34 

Generator, engine 

Description 180, 337-338 

Lubrication 180 

Polarizing 181-182 

Removal and installation I HI 

Generator regulators 337-339 

Governor 165-173 

Adjustments 1 69-1 7 1 

Control housing replacement. 165-16H 
Weight and housing removal 

and inspection 171-17!! 

Grousers 321-322 
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G — Cont'd Page No. 
Gyro-stabilizer system — servic- 
ing 374-378 

Gyro-stabilizer unit 42-44 

H 
Hand hole cover gaskets replace- 
ment 142 

Hand throttle 18 

Use of 31 

Hatch — access and escape 12 

Hatch and port covers. . 372 

Hatch, escape ... 372 

Hatch ring, turret 369 

Hatch, turret 49 

null 

Description 367 

General information . . . 3-11 

Inspection after combat 373 

Wiring diagrams 324-328 

Hydraulic traversing mecha- 
nisms 367-369 



I 
Identification plate . . 

Idler, track 

Idling engine 
Illustrations, list of 



13 

320 

31 

393-398 



Injectors 156-164 

Positioning injector rack 162-164 

Injectors, fuel 

Installation 160 

Maintenance 1 58 

Purpose 156-158 

Removal of 1 58-1 60 

Testing 160 

Timing 161-162 

Injector operating mechanism, 

valve and 142-156 

Description 142-145 

Exhaust valve spring, replace 147-149 

Lash adjustment 146-147 

Maintenance 145-146 

Inspection 

After combat turret and hull 373 

After operation 51-52 

At halt 51 

Bogie wheels and assembly. . .299-300 
Clutch 258 



I— Cont'd 
Inspection — Continued 
Clutch, after removal 

During operation 

Fire extinguishers 

Periodic 



Pag* No. 

266 
50 
85 
52 

After 50 hours or 500 miles 52-53 
After 100 hours or 1000 miles 53-54 

Pre-starting 19-25 

Solenoid, firing 356 

Sprockets 299 

Suspension and track 298-300 

Track tension and condition . . 298 
Inspection plates, remove engine . 214 

Installing power unit 228-235 

Instructions and controls 18-34 

Instructions, starting 25-29 

Instrument panel 339-346 

Illustrations 22-23, 348 

Maintenance , ,, 346 

Replacement 347 



Light switch 344-345 

Lights 

Blackout driving 350 

Headlamps 350 

Tail and stop 350-351 

Log book 75 

Low oil pressure warning light . 343 
Lubricating oil cooler (engine). . .192-195 

Lubricating oil filters 66 

Lubricating oil gage, fuel and . . . 343 
Lubricating oil lines, exterior . . . 57-58 

Lubricating oil strainers 66-67 

Lubricating oil tank, engine 63-66 

Lubricating oil system, drain . . 214 
Lubricating system, engine 185 187 

Lubrication 

Auxiliary generator 72-73 

Auxiliary generator unit 32 

Checking hydraulic oil tank 

level 72 

Clutch pilot bearings 69-70 

Clutch release bearing 257 

Clutch selector lever shaft ... 72 

Engine transfer gear case .... 69 

Final drives 296 
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L— Cont'd 
Lubrication — Continued 

Fittings 

Generator 

Guide 

Instructions 

Intervals for 

Oil can points 

Points requiring no servicing. , 

Power train 

Power unit 

Propeller shaft 

Reference note index 

Reports and records 

Starting motor .,.,,,...,»»., 

Starting motor - when engine 
is removed 

Table of capacities and types 

Transmission, differential and 
final drives 

Universal joints and slip joint 

When engine is removed for in- 
spection and overhaul 

Lubrication, bogie wheels 

Lubrication — cold weather 

Chassis — cold weather 

Lubrication, fan 

Lubrication, water pump 

M 

Machine gun, turret 378-379 

Maintenance, organization 100-105 

General information on duties 

of using arms 100-101 

Auxiliary generator unit. .... 104 

Cooling system 102 

Clutch ........ ... 103 

Electrical system 103-104 

Fuel and air intake system 

and air heater 102 

Gun firing mechanism 104 

Lubrication system 101 

Power plant 101 

Power train unit. 103 

Propeller shaft 103 

Suspension and tracks 103 

Turret and hull 104 

Manifold, water 210-212 

Manifolds, fuel oil 182-185 



Page No. 

62 

180 

58-60 

58-74 

62 

73 

74 

286-288 

55-57 

269 

61 

74 

178 

74 
61 

67-69 
71 

73-74 
302 
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250 



M — Cont'd Page No. 

Materiel list on vehicle 77 

Methods of demolition 96-99 

Mufflers 

Description 207 

Replacing 207 

N 
Nomenclature lists, standard. . . . 391 

O 

Oil can points , 73 

Oil cooler, engine 192-195 

Description 1 92 

Removal of by-pass valve 194-195 

Replacing 193-194 

Oil cooler lines, connecting 295 

Oil cooler— power train unit .... 288 

Oil cooler, transmission 57-58 

Oil cooler, transmission — remov- 
ing 223 

Oil filters, lubricating 66 

Oil filter, fuel 240-243 

Oil gage, fuel and lubricating 343 

Oil lines, external lubricating 57-58 

Oil pan 187 

Oil pressure gage, engine 3421 

Oil pressure gage hoses, discon- 
necting 214 

Oil pumps, engine 
Cleaning scavenger pump 

screen 189-190 

Description I Kil 

Inspect oil pressure regulator 

valve 190 

Replacement 180 

Oil strainers, lubricating 66-67 

Oil tank, engine lubricating 195-196 

Removal and installation 195-196 

Oil tank, hydraulic, for traversing 

mechanism 72 

Oil tanks and lines, lubricating. . 57-58 
Oil temperature gage, transmis- 
sion , 346 

On vehicle materiel list 77 

Operating instructions and con- 
trols 18-34 

Operating the tank 29-89 
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Operation 
In warm temperatures, high al- 
titude, sand, slippery terrain 91 
Turret traversing mechanism 40-42 

Operation under unusual condi- 
tions 86-93 

Organizational maintenance (See 

maintenance) 100-103 

Organizational spare parts and 
accessories 113-117 

Organizational spare parts, arma- 
ment — definitions 113 

Organizational tools and equip- 
ment 107-112 

P 

Painting 380-383 

Panel, light switch 342 

Parking brake 285-286 

Parts and accessories, organiza- 
tion spare 1 13-117 

Performance 16-17 

Periodic inspection 

After 50 hours or 500 miles . . . 52-53 

After 100 hours or 1,000 miles . 53-54 

Periscopes and telescopic sights 47-48 

Pistol port 45, 48 

Port covers, hatch and , 372 

Power train unit 272-297 

Components 272 

Checking oil level 287 

Differential 272-274 

Draining 276-277, 288 

Filling 288 

Installing. . . 293-295 

Lubrication 286-288 

Oil cooler 288 

Removal 288-293 

Transmission 272 

Power transfer unit (See transfer 

unit) 
Power unit (detailed references 
are listed in alphabetical index- 
ing of units) .11, 14, 118-237 

Air cleaners, engine. , . .62-63, 196-201 

Air heater (engine) 178-179 

Air intake system 196-197 

Blowers 201-204 



P— Cont'd 
Power unit — Continued Page No. 

Crankcase ventilation 185-187 

Cylinder head 136-142 

Description (engines) 118-124 

Diesel principles and opera- 
tion 121-122 

Direction of rotation 124 

Engine lubrication system . . . .186-187 

Engine shut-down valve 204-205 

Engine tune-up 173-176 

Fans 207-209 

Filters and strainers (engine 

oil) . .190-192 

Fuel and oil — definitions 124 

Fuel oil manifolds 182-1 85 

Fuel pump 182 

Generator 180-1 82 

Governor 165-17;* 

Hand hole cover gasket re- 
placement , 142 

Injectors 156-164 

Installation 127 

Left and right — front and rear 122-124 

Lubricating oil tanks 195-196 

Lubrication 55-57 

Mufflers 207 

Oil cooler (engine) 192-195 

Oil pan 187 

Oil pumps 189-190 

Removing power unit 

assembly 213-22H 

Starting motors 176-1 78 

Thermostats 212 

Trouble shooting — engine (de- 
tailed information indexed 
under trouble shooting). . . .127-135 

Water manifold 210-212 

Water pumps 209-2 1 (I 

Power unit — installing. 127 

Order of procedure 229-233 

Power unit — removing 213-228 

Air heater fuel hoses 214 

Auxiliary generator air duct . .223-224 
Auxiliary generator muffler 

tubing 222 

Battery cables 213-214 

Clutch shifter levers 2221 
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Power unit— Continued Page No. 

Deck plates and splash guard. 215-216 

Engine shrouds 226 

Exhaust pipes 216-217 

Filter panel 219 

Generators 181 

Inspection plates 214 

Lifting engines 226-228 

Lubricating oil system. ...... 214 

Mounting bolts 215, 226 

Oil pressure gage hoses 214 

Tachometer drive cable 224 

Transmission oil cooler 223 

Throttle rods 216 

Universal joint, rear 222 

Water temperature gages 222 

Precautions — combat zone 75 

Preparation for shipment and 

storage 384-390 

Prestarting inspection 19-25 

Primary fuel oil filters- cleaning 

and draining 70 

Propeller shaft 269, 294 

Inspection 269-270 

Replacement 270-271 

Protection of cooling system .... 88-89 

Publications, explanatory 391-392 

Pump, air heater hand 342 

Pumps, engine oil 189-190 

Push rod, replace 155-156 

Pump, water 209-210 

R' 

Radiators, to replace 252 

Radio 

Description and use of 358-360 

Interference elimination 351-352 

Rebuild, definition 100 

Records — use 75 

References 391-392 

Removing power unit 213-228 

Repair, definition 100 

Repair tools, special 77-80 

Replace, definition 100 

Reports and records— lubrication 74 

Rocker arm or shaft, replace. ... 152 



Page No 

271 



Seat, remove assistant driver's . 
Secondary fuel oil filters 

Draining 70 

Replacing element 70 

Service brakes lg 

Service, definition 100 

Shifting, gear 19 

Shipment, preparation for 384-385 

Shrouds, engine . . . . 226 

Sighting and vision equipment 81 

Sights, periscopes and telescopic. 47-48 

Siren 351 

Solenoids 

Air shut-down valve 204-207, 350 

Inspecting firing 356 

Spare parts and accessories, or- 
ganization 113-117 

Spare parts and accessories car- 
ried in tank 113-117 

For machine gun cal. ,30 113-115 

For sub-machine gun cal. .45. .115-116 

For machine gun cal. .50 116 

For 75 mm. gun M3 116-117 

Spare parts list 77, 82 

Special engine tools 107-109 

Special repair tools 77-79 

Special tank tools 109-112 

Specifications, fuel oil 245 

Speedometer 342 

Springs, volute (See volute 

springs) 
Sprockets, drive 

Description , , 300 

Inspect , 299 

Replace 301 

Standard nomenclature list 391 

Starting motor lubrication — when 

engine is removed 178 

Starter, solenoid switch. 346 

Starting instructions 25-29 

Cold weather starting 26-27 

Emergency 28 

Starting by towing 28-29 

Warm weather starting 27-28 

Starting motor 176 

Description 176 

Lubrication 178 

Replacement 176-177 
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S— Cont'd 
Starting motor — Continued 

Solenoid and switch assemblies 

replacement 

Steering brakes, adjustment of . . 

(Major) 

(Minor) 

Steering levers 

Adjust , 

Adjust connecting rods 

Disconnecting linkage 

Test for equal travel 

Stopping the engine 

Storage, preparation for 

Strainers, engine lubricating oil . , 

Cleaning 

Description 

Servicing 

Supply tanks. 

Suspensions and tracks 

Description 

Inspection 

Switches 

Air heater ignition 

Battery 

Blackout driving light 

Light 

Panel light 

Solenoid starter 

Starter 

Synchronizing clutches 

Synchronizing engine speeds 

Allowable variation 

Important engine synchroniz- 
ing 

When fault is throttle 



Page No. 

177-178 

274-285 

276 

274-275 

18, 277 

279 

279 

277 

279-280 

32 

385-390 

190-192 

192 

191 

66-67 

13 

298 
298-300 

341 

323-337 
345-346 
344-345 
342 
346 
341 
262 
258 
258 

258 
258 



342 



Tachometer 

Tachometer drive cables, discon- 
necting 224 

Tanks, engine lubricating oil ... . 63-66 
Tanks and lines, lubricating oil . 57-58 

Tanks, fuel oil 243-245 

Tanks, supply 13 

Tank tool set 109-112 

Telescopic sights, periscopes and . 47-48 

Terminal boxes 347-350 

Test, engine 29 



Pag« No. 
160 
212 



260 



T— Cont'd 

Testing fuel injectors 

Thermostats 

Throttle 

Throttle linkage 

Adjusting — . 

Free up 258 

Throttle rods, engine compart- 
ment — disconnecting. . , 216 

Throttle, use of hand 31 

Timing fuel injectors 161-162 

Tools, engine 107-109 

Tools and equipment 

For using arms 77-85 

Special repair tools 77-80 

Tools and accessories carried 

outside tank 77-79 

Tools and equipment, organiza- 
tional 107-112 

Tools, tank, set 109-1 12 

Towing, to start 28 

Tracks 15-16 

Adjusting tension 311-312 

Care and maintenance 318-319 

Description 310 

Grousers 321-322 

Idlers 320 

Installing new block 314 

Installing new track 317 

Replacing dead block 313-314 

Replacing thrown track 316-317 

Reversing direction 317-318 

Turning blocks 314-316 

Types 310-311 

Tracks and suspensions 298-322 

Track tension and condi- 
tion .298,311-312 

Training films and film strips .... 392 

Transfer gear case lubrication ... 69 

Transfer unit 

Description 235 

Installation 237 

Removal 235-236 

Transmission 272 

Oil cooler 57 

Transmission lubrication 67-69 

Transmission lubrication — cold 

weather 88 

Transmission oil cooler, removing 223 
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T— Cont'd Page No. 

Transmission, oil temperature 

gage 345 

Traversing mechanism, turret , . 367-369 

Trouble shooting 

Electrical . 356-358 

Engine 127-135 

Checking compression .130-132 

Detonation 134 

Failure to start 127-128 

Lack of pressure 135 

Loss of power 132-133 

Smoky exhaust 133-134 

Stalling 132 

Uneven running — excessive vi- 
bration 128-130 

Tune-up- engine. 173-176 

Turret 15 

Electrical installations 352-358 

Turret hatch 48-49 

Turret and hull 3-11 

Description 367 

Hatch ring 369-371 

Inspection after combat 373 

Traversing mechanism 367-369 

Turret machine gun 378-379 

Turret traversing mechanism. . , . 40, 42 

Checking oil level 72 

Filling hydraulic system 72 

Turret wiring diagrams 330, 332 

U 

Universal joint lubrication 71 

Universal joint, rear — disconnect- 
ing 222 

Unusual conditions, operation 

under 86-91 

Use of special equipment 82-85 

V 

Valve and injector operating 

mechanism 142-156 

Description 142-145 



V— Cont'd 
Valve and injector operating 
mechanism — Continued Pago No. 

Maintenance 145-146 

Valve lash adjustment 146-147 

Valve spring, exhaust (replace) . 147-149 
Valves 

Air heater fuel shut-off 342 

Engine shut-down 204 

Fuel tank selector. . 238-240 

Valves and valve seats, recondi- 
tion 149-151 

Valves, exhaust — replace 151-152 

Ventilation system (engine crank- 
case) 185-187 

Vision 12 

Voltage and current regulators . . 337-339 

Voltmeter 342 

Volute springs 

Installation 309 

Removal 307-308 

W 

Warm weather starting 27-28 

Water expansion tank 250, 254 

Pressure filler cap 254 

Water manifold 210-212 

Description 210-212 

Replacing 212 

Water pumps 209-210 

Description 209 

Replacing 209-210 

Water pump lubrication 250 

Water temperature gages, engine 345 
Water temperature gages, remov- 
ing 222 

Weights , 14 

Wheels, bogie 299, 302-307 

Replacing seals and bearings 306 

Windshield, hatch hood and .... 13 

Wiring diagrams 

Engine compartment 326 

Hull 324,328 

Turret 330, 332 
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|_0.0. 461/31874 (1-15-43) 



By order of the Secretary of War : 



G. C MARSHALL. 

Chief of Stag, 



Official : 

J. A. ULIO, 

Major General, 

The Adjutant General. 



Distribution : 

D 17(10) ; IR 17(6) ; R 9(2) j Bn 9(1) ; IBn 17(4) ; 
C 9(4); IC 17(17). 



(For explanation of symbols, sec FM 21-6) 
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